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PREFACE. 


Thk following pages embodj the results of an inquiry into 
the existence of the so-called haoillns of jequiiity seeds,*' with 
observations on the nature of abrus-poison, its ohemioal properties, 
and physiologioal action. The practical application of the 
knowledge thus far acquired to the treatment of oases of abrus- 
poisoning is also indicated. 

The opportune presence of Dr. Koch and the German 
Cholera Commissioners at the Medical College Hospital has 
enabled us to conduct the bacterial port of the research with a 
thoroughness which we could not otherwise have hoped to attain. 
And if our results conflict with those of so well known a pathol- 
ogist as M. Comil, our observations have the merit of having been 
conducted under the immediate superintendence of Dr. Eooh, than 
whom there is admittedly no greater authority on the subject 
of bacterial pathology. We desire to express here our grateful 
thanks to Dr. Eooh and also to Dr. Fischer for the valuable assist- 
anoe which they so freely rendered ns throughout this inquiry. 
To Major Waterhouse of the Survey Department we are indebted 
for the careful and accurate execution of the lithographic illus- 
trations. 


Calcucta, 1 «< March 1884 . 
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Introductory. 


Seeds used hypodermiCHlly in India for poisoiiiiiff cottle, and oecosionnlly for 
coinmittiiifK murder. Dr. Warden’s published rescarehes. The local 
inflammation attributed by M. Saltier to a speeial form of bacillus. 
M.M. Cornil and Berlioz extend this idea to acconnt for the peneral 
toxic symptoms, which they assert arc due to a gpecifle bacillus contained 
in the seeda The interesting^ bearmj^ of this '* discovery ” on general 
pathology, ns well as the mcdicodegal importance of the poison, render- 
^ cd the subject worthy of farther study. Manner in which the sub- 
ject will be treated. 

The seeds of the Indian liquorice plant, the *]equirity’ of the 
Brazilians (1), have for several years been extensively used in 
India for poisoning cattle (2), and less frequently for destroying 
human life (3) ; but the manner in whicli the seeds operate in 
induoing a fatal result has remained highly probloiuatical 

Taken by the mouth, these seeds, like the roots and leaves of 
the plant, maybe ingested in considerable quantity with impunity. 
In Egypt, the boiled seeds form an ocoasional artiole of diet 
amongst the poorer classes, although aooounted hard acd indigest- 
ible (4). It was only when the powdered seeds were introduced 


(1) The botanical characters of the plant are given in Api)endix I. 

(2) Report of Commission on Cattle Plague, Calcutta, 1870. Annual Ro{)ort of 
Chemical Examiner to the Government of Punjab, 1878. AIko tho Ann. Uepts. of tho 
Chem. Examrs. of Bengal and North-West Ph)vinces from 1874 up to date— Vidt 
Appendix II for description of mode of using seeds for poisoning cattle. 

(3) Ann. Kept, of Chemical Examiner, Punjab, 1873 ; also Bengal Police Kept, for 
December 1880. 

(4) Burnett’s Botany, Volume 11, page 654. Druby’S Uk/uI Pluntu of Imiiaf 
.page 8, 1873— Appendix III for evidence regarding harmlcssncHs when taken 
by the mouth. 
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into the Buboutaneons tisBueB that fatal symptoms were found to 
develop, death occurring in cattle within 48 hours after the 
administration of one and a half to two grains of the seed. 

In view of the practical importance of the subject, 
Dr. Warden was led in 1880 to make a chemical analysis of these 
seeds, with the result of finding that they contained no alkaloidal 
])rincip1o or glucosido. A crystalline acid, which ho called abric acid, 
represented by the formula C-i lljjt Nj was isolated, but this 
I>ro ved to be inert under all circumstances ( 1 ) . A small (piantity of 
pungent volatile oil was extracted from tlie seeds, but this also was 
inaotivo. TIio results of this analysis, together with those of several 
experiment H on cals, and historical notes on the seed, which were 
published in detail in the ludinn Jfrdhit Gazette for 1882 (2), 
although clearing the way for future investigations, afforded no 
positive insight into the anomalous manner in which those seeds 
exercised their poisonous action. 

Quite rocoutly M.M. Corniland Ilerlioz, in a eommunication 
to the Academio des Sciences, have nllogod that the- poisonous 
symptoms produced by the abrus-scods are duo to a generalised 
bacterial condition (8). It had long ago been known tliat 
the topical application of an infusion of the seeds had the pro- 
perty of oxcitkig an acute intlammatioii of the conjunctiva (4). 
And Sattler (i)), after a series of observations, concluded that the 
artificial inilamiuation excited by this infusion was an infective 
disease caused by an innocuous bacillus which was always present 
in the air, but which took on pathogenic qualities when growing 
in an infusion of abrus-secds (6). 


It was the idea thus suggested by M. Settlor regarding the 
local affection which led M.M. Coruil end Berlioz to undertake 


{\) Vidt Appcmlix IV. 

(2) 287 €t nff/. 

(3) Le Pi-ogris Midiftit, 1883. No. 44 . 
ill tho TAtnrrt, VoUuno U, 188.3, iniko 600. 


Tlioir papor is abstracted at some length 


In ^ mnlinKoror. in jail, to prodooe eoqJanctMtin 

(5) Wuner A/edw. nurArn, No. 18—21, 1883. wy-ut-winwa. 

W Oksitrb of tdhora wrroral ymn t«o maarM on th. ocrarrme. of iwanna 
of^Ktena in th. around m com. of alm.poi«,nin,-y*fi,* HediaU Oa^, pag. J19, 
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the iuveBtigatiou of the infiuence of this supposed baoillus upon 
the organism os a whole, and they allege ns the results of their 
investigations that the poisonous action of the abrus-sceds is due 
to a specifio bacillus— “the baoillus of jeqiiirity.^’ This bacillus 
they believe to be derived from the seeds, and, developiug 
primarily at the seat of the injection of the infusion, nitiiiuitely 
pervades all parts of the organism, and is the cause of the death 
of the animal. 

These startling observations of M.M. Cornil and Berlioz, if 
confirmed, would naturally tend to upset existing views on germ 
pathology, and would stimulate to experimental research in an 
almost unlooked-for direction. The Latwvt is not slow to accept 
M. Gomil’s results, and devotes a leader to their consideration, 
remnrking that an argument of much validity is hereby afforded 
for the doctrine of specificity of disease (1). The importance 
therefore of these alleged results in their relations to general 
pathology rendered the subject deserving of further study. The 
present series 6f observations bad, however, the further object 
of ascertaining definitely the true mode of action of a poison which 
was of much medico-legal importance in this country. 

Our inquiry at the outset will lead ns to tost tlio accuracy 
of M. Gornil’s observations, which credit nbrus-seeds with the 
possession of such remarkable properties— so opposed to all pre- 
vious experience of the action of vegetable poisons ; and the first 
question which will present itself for consideration is wliotlier 
or not bacillar formation is necessarily associated with the local 
action and toxic manifestations of the abrus-seods. If this 
is found to be really the case, then we will have to consider the 
significance of the bacillus. Is it a variety special to these seeds ? 
Or, is it a known form of pathogeuio bacillus ; or, is it one of 
the ordinary non-infecting bacilli which has taken on special 
qualities due to a special kind of disturbance excited in the 
tissues by the abrus-seed infusion? But if wo find that the 
local action and poisoning symptoms are due neither to the 
presence of bacteria nor to the products resulting from their 
growth, then we shall have to resort to a more extended chemical 


(1) Page 601, Vglume II, 1883. 
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examination in the endeavour to ascertain the nature of the 
j)oi8onouH principle which will sufficiently explain the local and 
Pfonoral action of the seeds on the animal economy. 



PART I, 


The Bactkiual Thkohy of the A<rrioN of Aiinus-i’oisoN. 




THE BACTERIAL THEORY OF THE ACTION OP 
ABRUS-POISON. 

— ♦ — 

CHAPTER 1. 

The alleged presence in the seeds of specific bacteria or their spores. 
Evidence against this is farmshcd by (a) Culture experiments with the 
‘"sccfl in gelatine acrordiiig to Koch’s method, (6) by Inoculation and 
Hypodermic experiments with pure cultivations of the micro-organ- 
isms obtained from the see<l». and (c) by Microscopical Examination 
of sectious of the seed. 

If the peculiar propertioa of the seeds be due to contained bacilli, 
then- the^hacilli or their spores ou^^ht to ho capable of demonstra* 
tioii by culture of the seed in gelatine or by miorosoopical examin- 
ation of & stained section, for it may be regarded as certain that 
organisms do not originate spontaneously unW any oiroumstances. 

By oaltiTotion in sterilised gelatine according to the beautiful 
method of Dr. Kooh, the subsequent pure oultivations ought to 
afford the bacteria in endless numbers, and uncontaminated witli 
the other constituents of the seeds or with other mioro-organisms. 
And if the specific action of the seeds he really* due to these 
bacteria, the oharacteristio symptoms ought to follow on the 
topical application pf, or inoculation of, these haotetia when 
applied tn mam to the conjunctiva or injected hypodermioally. 

The following experiments were mode with the view of ascer- 
tuning these points : — 

A few of the abrus-seeds (1) were deprived of their leav- 
ing the embryonic radicle and gommnle, together with the fleshy 
cotyledons, and pounded for a few minutes iu a clean agate 
mortar. Of this two separate oultivations were made (i), one 

(1) To teat whether these seeds wore aetivo or noty | grain was injected into a cat’s 
thigh, and death occurred in 19| hours— .Sss Exp. Na XXI. 

(2) The cultivations were always made in nutrient gelatine with the full observance , 
of all the precautions practised by Dn. Kocu. 
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on a glass plate and one in a large test-tube. The cultivation 
made in the test-tube gave only three colonies of bacteria, and 
as they were widely separated and their growth not rapid, they 
were allowed to grow in the nutrient gelatine for two weeks. 
All three colonies proved to be micrococci, and were apparently of 
the same kind, each colony having a well-defined border of a 
faintly brownish colour. 

Experiment I. — These three colonies were mixed together with a 
very small quantity of distilled water, and a large portion well applied 
over the conjunctiva of a cat. No effect followed — not even the slightest 
irritation. 

Exp. II.— Another portion of the mixed colonies, containing many 
millions of micrococci, was mixed with 10 minims o'f '^distilled water 
and injected subcutaneously into the inner aspect of thigh of a chicken. 
No result (1). 

Exp. ITI.— The remaining portion of the mixed colonies was inoc- 
ulated beneath the skin over back of a house-mouse. No result. 

The cultivation of the pounded seeds which was made on 
the glass plate yielded several colonies of bacteria. * Most of these 
were micrococci, but one form of bacillus was also present. 

It may hero be stated that all the preparations were duly 
stained with methyl violet — the same colour which M. Cornil 
used, and examined with one of Ziess’s microscopes fitted with an 
Abbe’s condenser, the lenses used being a one-twelfth inch oil 
immersion objective, with Nos. 2 and 4 eye-pieces. 

The form of bacillus found in this cultivation was small and 
slender. They grew in semi-transparent tuft-like colonies, and 
tended to liquefy the gelatine. Their length was about half the 
diameter of a red blood-corpuscle, and their breadth about one- 
sixth their length. The sides of the rodlcts were straight, and 
their ends abruptly cut across. In multiplying they did not 
form filaments. Their general appearance was not unlike the 
septicmmic bacillus of mice. The following experiments were 
made with them 

Exp. ly.— A pure cultivation of these bacilli was allowed to grow 
for about two weeks, and a quantity taken and moistened with a little 
water and smeared over the conjunctiva of a cat. No result. 


(1) It will afterwards bo shown that chickens are very susceptible to abnis- 
poisoning. 
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V.— A quantity was injected bypodermioallj into a ehicken 

No result. 

Exp. VL— a quantity was inoculated into a house-mouse. No 
result. 

The xuioroooooi found on the glass plate appeared wwiilftr to 
those of the test-tube used in Exps. I to III. The following 
experiments were made with these mioroooooi : — 

Exp. VII.— a quantity mixed with a little distilled water was smeared 
over conjunctiva of cat. No result. 

Exp. VIII.— a small quantity mixed with a little water was injected 
into a chicks, without any apparent effect. 

Thestr culture experiments therefore show that the seeds 
contain vp specific bacilli or spores capable of developing in 
nutrient gelatine. In one of the specimens no bacilli at all 
were found, even after cultivation for two weeks. In the other 
the baciUys which was found proved to be inert, both when 
applied t^ioally to the conjunctiva and also when inoculated and 
administered hypodermically. The micrococci found in both 
cultivations were also inert. 

For collateral evidence, stained sections of the seeds were 
examined. If bacilli be present in tbe seeds, then sections 
of tbe seeds stained with methyl violet ought to reveal the 
bacteria in situ. But such an examination failed to show 
bacteria of any kind. The annexed engraving from a drawing 
by Dr. Cunningham shows the microscopic structure of the 
seeds. The protoplasm of adjacent cells freely anastomoses. 
The protoplasm is of a granular character; the mode of shading 
practised in the engraving by short interrupted straight lines 
was adopted merely as a convenient way of giving effect to the 
granular appearance exhibited by the cell-contents. No starch 
granules can be detected in the seeds. 

Thus the processes of cultivation and staining furnish posi- 
tive evidence against the presence in the seed of bacteria. And 
it is -only in keeping with the reiearches of Dr. Boberts (1) and 
others to find that undeoomposed vegetable tissue is free from 
micro-organisms. 


(1) Phil 3oe, Tram., 1S74. 


PLA.TE L 


. I The JfMTOteqpu) Structure cf the Abrue-eeedf 

z JPUHfe 1.— Ootyledonary parenoliyma. . 

: 2. — The same nader a low power, 

i Ify, 8.-— Yertioal aeotion through the seed eoa^. For de- 
■ tailed deBoription aea Appendis L 

; Ify. 4.— Apearanoe of aurfaoe of the seed due to the etruo- 
tur^of the peripheral extremities of the outer layer of cells. 

6.— An isolated cell from outer stratum. 

6.— Hoxiaontal view of stratupi No. 8. 
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CHAPTER II. 

The Topicol Action of ebrae-aeod inftiBion. This part of siihjcct not at 
present taken up in detail. The intensity of tho abrus ophthalmia 
depends on tho strength of the infusion and the frequency of appli- 
cation. This fact is inconsistent with bacterial invasion, and is an 
argument favouring idea of chemical action. Here presence of bacteria 
at site of inflammation not remarkable, for infusion used by Sattler was 
unsterilised, and the albuminous constitution of the infusion specially 
favours growth of micro-organisms. 

Finding that the seeds contain no baoteria or their spores, the 
next point is to test the accuraoj of the statement that a specific 
bacillar formation attends the topical application of the watery 
infusion to tha conjunctival sac. But as our inquiry interests 
itself mainly with tho general toxic effects of the abrus-seeds, this 
part of the subject, which deals with the topical action, will not 
at present be taken up (1). There are, however, several points 
in connexion with this aspect of the question which may be 
profitably referred to in this place. 

That an acute conjunctivitis follows the topical application of 
the infusion or powdered seeds is an undoubted fact (2). Even 
during the process of pounding the seed tho operator is apt to be 
afflicted with sneezing, bronchitis, and irritatioU of conjunctivaa, 
and any outs or scratches which may chance to be on his fingers 
become swollen, painful, and surrounded by an erythematous 
blush. 

But although M.M. Sattler and de Wecker attribute the 
inflammation to a specific bacillus, they admit that the severity of 
the inflammation is directly proportionate to the strength of the 
infusion and to the number of applications (3\ This is in keeping 
with the known properties of chemical poisons, and is quite incon- 
sistent with the idea of bacterial invasion. 

(1) After the completion of our oboervations, and when just about to send our 
manuscript to the press, we find that in the February number of FRUoiANDBR'a 
•'FortsekHiU d§r Mediein*' (BerUn, Ist February 1884) are two articles on abrus- 
ophthalmia— oue by Db. C. S. Balomonbbn of Copenhagen, and the other by 
Dr. Neissbr of Breslau. The writers of both these articlo* are led to eonclude that the 
ophthalmia resulting from the topical application of abrus-seod infusion is not duo to 
bacteria. Salomovbbv, it appears, was also led to make cultivations of abrus-seed 
inftisions with results generaUy. similar to those obtained by us. 

(2) For the symptoms €i abrus-ophthalmia and an account of the therapoutie 
value of abrus in eye^isease, ts§ Appendix V. 

(8) ^ophthalmujtpiwUiqMM et m mploi diniqw, par H. Sattlbr et L. Ob Wbobbr, 
Paris, 1888. 
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M. DeWeoker reports that the ahrus inflammation is peculiar, 
in that it does not tend to spread to the cornea or other tissues, but 
is confined to the conjunctival sac to which it has been aloae 
applied (1): And this is instanced by M. Gomil as being due to a 
want of absorption of the main agent in the causation of the 
inflammation, viz., bacilli. But numerous cases are reported where 
the inflammation spread to the face, neck, and upper part of the 
chest (2), and Dr. Moura, Brazil, found that the repeated 
applioatiou of an infusion (strength 1 in 20) produced in rabbits 
such intense inflammation as to result in suppuration of the 
eyeball and gangrene of the lids, and also inflammation of the 
submaxillary glands (3). . ^ 

As the infusion used by Sattler was unstorilised, the presence 
of bacteria at the site of the inflammation is not remarkable, for 
the albuminous constitution of the infusion renders it on exceed- 
ingly favourable medium for the growth of micro-organisms. 


CHAPTER III. 

Tho Toxic Action of unstcriliscd abrus-seed infusion is not necessarily 
associated with a generalised bacillar formation. Difficulty of 
effectually sterilisiiig abrus-sccds or their infusion. Fowls and cats 
were chiefly used in these experiments, their advantages over 
the rabbits and guinea-pigs employed by M. Comil. With large 
doses death occurs too rapidly to ‘be accounted for by bacterial 
invasion. Two experiments on fowls with filtered infusion ; and 
two with solid residue, well-washed. — ^Bapid death. — No bacteria 
in blood. Eight experiments with powdered seeds to show effects of 
varying doses. Three experiments on eats with details of symptoms 
of abrus-poisoning and characteristic post-mortem appearances. The 
numbers and extent of distribution of any bacteria found are pro- 
portionate to the time which the animal survives, being least when 
the animal dies rapidly. The Essential LcSions of abrus-poisoning 
contrasted with the alleged bacterial lesions described by M. Cornil. 

With the view of ascertaining whether or not a generalised 
bacterial condition was necessarily associated with the toxic action 
of the abrus-seeds, we proceeded to make hypodermic injections 
of an infusion of the 8eed§. 



(1) Comptes Rend, XCV, 209. 

(2) New Remediet, June 1883, quoted in Pharm, /our., p. 687, 1888. 

(3) (TacMiuttyue, Bruxelles, 1882. 
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As it was found that a boiled infusion of the seeds was inaotive 
(1)« and that heat also destroyed the toxic power of the seeds, 
the prospect of sterilising the infusion of these hard seeds became 
a matter of great difficulty and of almost doubtful possibility. 
So in making the infusions, although eveiy ordinary precaution 
was taken to ensure cleanliness, similar to those resorted to by 
M. Cornil, viz., by using distilled water which hod been boiled 
and re-cooled, and scrupulously clean vessels, still the possibility 
of entry into the liquid of adventitious bacteria could not be 
considered as having been effectually guarded against. 

In our experiments oats and fowls were mostly made use of, 
as it was found.that they wore readily acted on by the seeds. And 
by employing these animals, which are known to be less liable 
to infection by the commoner forms of bacteria likely to be 
met with in infusions, than guinea-pigs and rabbits, such as 
were employed by M. Oornil, one source of error was thereby 
avoided. The average weight of the oats used was G^b, and 
of the chickens 16 ozs. They were of as nearly the same size 
as possible, unless where otherwise stated. 

In M. Gomil’s experiments death took place in 36 to 60 
hours. He used a weak infusion made by macerating 32 bruised 
abrus-berries («/<;) for 24 hours in 500 grammes of warm distilled 
water, and of this he injected 1 to 2 cc. into the subcutaneous 
tissues of rabbits and guinea-pigs. We employed a stronger 
solution with the view of finding whether death might not 
be so hastened as to occur within a space of time too short to 
be attributable to bacterial infection. The results ore as 
follow : — 

Exp. IX.— 2 ozs. of the seeds, deprived of their cuticle, were 
reduced to a fine powder by pounding in an iron mortar and [Missing 
through selves. The powder was then digested for alx)ut five liours with 
4 ozs. of distilled water and filtered through two folds of filter-paper. The 
filtrate was of a faintly yellowish tinge, with a slight opalescent appearance. 
After standing, for a time in the air it becomes more decidedly opal- 
escent and of a light olive tint. It was strongly acid in reaction, and on 
boiling gave a copious white precipitate. Picric and nitric acids in the 
cold gave with it on abundant white precipitate.. 


(1) Although this fact at Srst sight might be construed as favouring thoview that 
active agent in the seeds was of a bacterial nature, it admits of quite another expla- 
nation, as will be shown afterwards. 
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Of this fresh filtrate 20 minims were injected subcutaneonaly into the 
inner aspect of a chicken's thigh. After injection the chicken ate a 
considerable amount of food. In eight hours it had become languid ; did 
not move readily ; its eyes were dull and watery. It then remained with 
its eyes closed in a sitting posture till death, when it fell on its side. There 
were no conyulsions. Death ensued in 11 hours. 

Post-mortem examiTiaiion Yr 2 k'A made immediately after death. In the 
neighbourhood of hypodermic wound was slight oedema— this oedematoua 
fiuid contained a very few bacilli, only four or five in each slide ; and these 
bacilli were not all of the same kind. 

The vicinity of injection wound was not markedly hyper-vascular. 

The blood was fiuid, and no bacteria were present either in the cardiac 
or portal blood. The blood-corpuscles presented no distinctly abnormal 
appearance. 

The heart was scmi-contractcd. Several small ecchymotic spots beneath 
the exo-cardial tissue at base and intense injection of vessels in the loose 
areolar tissue covering base of aorta and great vessels. Small quantity of 
•clear fiuid in pericardium. 

The lungs presented numerous small points of bloody extravasation 
towards their attachment to chest wall. 

The spleen is of apparently normal size and consistency* The liver 
is of a mottled appearance to the naked eye, but apparently free from 
haemorrhages. Gall bladder turgid with fiuid bile. 

The sub-serous tissue on posterior and lower aspects of stomach is 
the seat of intense congestion, with numerous small haemorrhages. In 
the sub-peritonoal layer of small intestine, at intervals of 1 inch or so, 
were small elevated points of extravasated blood about size of a small 
pin-hcad. These wore opposite the attachment of the mesentery, and 
did not extend into muscular coat. The mucous membrane of small 
intestine was intensely congested with numerous little haemorrhagic points, 
and the contents generally of a decidedly grumous character. 

The mesentery presented several large extravasations in its capillary 
areas. 

Exp. X. — ^Another chicken was injected with the fresh filtrate at the 
same time as the one in Exp. IX. Its symptoms were similar, and 
death occurred in 12} hours. The post-mortem appearances were gen- 
erally similar to the other chicken, and no bacteria were found in the blood. 

Exp. XI. — Tlie solid residue left in Exp. IX was washed several 
times with cold water, and 1 grain of it was rubbed up with about 
10 minims of distilled water and injected into a chicken. Death occurred 
in 13} hours. The post-mortem signs were generally similar to those in 
the two previous experiments. . 

Exp. XII. — A similar 4xperiment was made at the same time in 
another chicken, death resulting in 14} hours. No bacteria were found in 
either the cardiac or portal blood. 



EFFECTS OF VAKYINO DOSES. THE SYMPTOMS. 


15 


In the above experiments with the infusion death ocourred in 
11 hours and 12 ( hours respeotivelj — a space of time much too 
short to he attributed to bacterial infection ; for in bacterial 
diseases the multiplication of the morbific organisms cannot take 
place BO suddenly. Infective diseases have never been known to 
prove fatal within a less period than 17^ hours. (Kocii.) 

To find the precise amount of seed which produces death, and 
the effect of varying doses, the powdered seeds wore rubbed 
up with a few drops of distilled water in an agate mortar, as it was 
found by Exps. XI and XII that the solid residue left after 
filtration of the infusion still retained a higli activity ; and this 
is the condition in which the seed is used for poisoning cattle. 

Esps. XIII — ^XX.*— The results of these experiments are summarized 
in Uie following table 


Table shmving effects on Chickens of injection of Abrus^seed in 
mrying quantities. 


Number of 6Z- 
periment. 

Amount of seed 
injected. 

Died or not. 

Time in which death 
oociirnid. 

XIII 

sV gr. 

No. 


XIV 

TtH •• 

»» 


XV 

•• 

Died. 

10 days. 

XVI 

tV » 


7 ,. 

xvir 

i .. 

1 

42 hours. 

XVIII 

i .. 

»» 

22 „ 

XIX 

1 .. 


17 „ 

XX 

2 grs. 

ft 

13 „ 


The powdered seeds were administered in a like manner to 
the following three cats: — 

Exp. XXI. — Injected hypodermically into a medium-sized male cat 
i grain of powdered seed rubbed up with 10 minims of distilled water. 
Death occurred in 19^ hours. Acute abrus-poisoning is singularly free 
Symptoms of abrui- f^m striking symptoms. The animal becomes 
poisoning. gradually exhausted, and dies quietly without con- 

vulsions. At first it seems unaffected, and may even eat little food, but 
after a few hours it becomes languid and disinclined to more. The 
eyes become dull and watery, and the conjunctivsB slightly inflamed : the 
excessive flow of tears form wet tracts on either side of nose. The 
flow of saliva is somewhat increased. It ceases to eat. Latterly, it 
crouches down, evidently through loss of power to support body. On 
being disturbed, it lifts its head in a one-sided sort of way, and the head 
shakes and is unsteady. Shortly before death it passes a few blood-stained 
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flnid stools with straining, and there may be slight prolapse of the rebtnm. 
This symptom is more marked in proportion to the time which the animal 
surrives. The temperature falls considerably. 

Postmortem examination was made one hour after death. No evidence 
of decomposition. Commencing rigidity of limbs. Blood fluid. 

Tissue at seat of hypodermic injection exhibits slightly increased yascu- 
larity, with a trace of mdema. A scraping from the tissue at the seat of 
injection shows a few large bacilli of a thick cylindrical form. 

The superflcial lymphatic glands at lower part of abdomen are yery 
slightly enlarged, but not hssmorrhagic. Under the microscope the 
lymphatic glands are seen to contain no Imcteria. 

The cardiac blood, examined without re-agents, exhibits a great number 
of clusters of granular matter — the so-called * hlootplates * which are belieyed 
to be the broken-up protoplasm of white corpuscles. When stained with 
methyl yiolet not a single bacillus is seen, but a considerable number of 
those largo dark masses which are belieyed to be the broken up nuclei of 
white corpuscles. 

The pleural cavity contains a small quantity of clear serum. The lungs 
are of generally normal appearance. 

The heart contains mostly fluid blood, but a few pale clots are present in 
both sides. Both yentriclos are distended with blood. Over base minute 
extrayasations in sub-pericardial tissue. 

The liyer not examined microscopically. Its general appearance is 
normal. 

The speen is yeiy slightly enlarged-— about half oyer normal ; but it is 
not softened: its surface presents a few relatively dark-coloured spots, 
apparently extrayasations. Under the microscope it is seen to contain 
no bacilli. 

Kidney fatty, but contains no bacilli. 

The mucous membrane of small intestine is intensely congested, espe- 
cially at its lower part and at caput csscum. The hyperesmia is attended 
with abundant minute points of extrayasation. The large intestine is 
less congested ; its contents, together with those of the lower part of 
small intestine, are admixed with bloody mucus. The naked-eye appear- 
ance is not unlike that resulting from septicemia. 

Sections of intestine after hardening in alcohol showed under microscope 
numerous small capillary hemorrhages in the papille. The capillaries 
were distended and crowded with red blood-corpuscles, but there was no 
evident breach in their walls. The extrayasations appeared to occur by 
diapedesis. No bacilli were detected. 

Neither the mesenteric nor any of the deep lymphatic glands were 
hnmorrhagio, or presented bacteria. 

Ezp. XXn.— To ano&ei^ oat, much larger and stronger than the 
one used in foregoing experanent, i grain of seed was given in a similar 
manner. Death occurred in 40 hours. The symptoms were similar to those 
of the other oat. 
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Puftt^moHem examination made five hours after death. Rigidity marked 
in both extremities. Hair over seat of injection can be pulled out on slight 
traction. The tissue at seat of injection is moderately injected, and a zone 
of oadema surrounds the seat of puncture. This oedematous fluid contains 
tliree kinds of bacilli, but none of them resembled the bacilli found at seat 
of injection in tlie ease of tlio previous eat. 

The superficial lymphatic glands arc considerably enlarged, injected, but 
not softened. On section they present extensive hosmorrhagic extravasa- 
tions into their substance. One or two bacilli, like one of the varieties found 
in the wound, arc seen in the scrapings of one of these glands. 

- Minute hsomorrhagic points are also seen on tlie surface of most of the 
voluntary muscles in all parts of the body, and the extravasations extend 
into the muscular substance. 

The upper surface of diaphragm also presents numerous extravasations. 

The blood is fluid. The cardiac blood contains in one slide one bacillus 
of same variety as seen in the lymphatic gland. The blood of i^rtal vein 
contains two of the same bacilli in one slide. Fewer blood-plates are 
present than in blood of previous cat. 

Lungs are thickly strewn with haemorrhagic points— not located to 
margins, but throughout substance ; and they aro generally darkly 
congested in the rest of their extent. 

The pleura and pericardium contain a trace of clear serous fluid. 

The heart exhibits at base, and chiefly towards ix)stcrior aspect, 
numerous large extravasations into sub-pericardial tissue. 

Peritoneal cavity contains no fluid. The peritoneum much injected, but 
its surface free from exudation. 

Liver darkly congested and slightly mottled. Gall bladder turgid. 

Spleen much enlarged, and has numerous dark extravasations of 
considerable extent. 

Kidneys pale, and evidently fatty. 

The mesentery is highly injected. Its smaller glands near attachment 
of intestine are enlarged and very darkly coloured. The largo mesenteric 
glands are much enlarged, darkly congested, and present extravasations into 
their substance. 

The peritoneal covering of small intestine presents several small, dark, 
swollen points projecting beyond surface. They are situated along the free 
border, opposite the attachment of the mesentery, and do not extend in- 
wards beyond the sub-peritoneal coat. Ho blood escapes on incising them. 

Exp. XXIII. — | grain was injected under the same conditions into a 
smaller cat. Death in 23 hours. 

The symptoms and post-^mortem appearances wore generally the same 
as those in the other two cats. Ho bacilli wore found in the portal blood, 
but a very few, and all of one form, were discovered in the cardiac blood. 

In these three cats death took place in 19|, in 40, and in 23 
hours respectively, under the same dose of | grain of the seed, 
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the second oat being a much larger and stronger animal than the 
other two. Bacilli were found in the neighbourhood of the seat of 
injection in all three ; in two, bacilli were discovered in the cardiac 
blood, and in one only did the portal vein contain bacilli. 

The numbers and extent of distribution of the bacilli bore a 
definite relation to the period which elapsed between the time of 
injection and the death of the animal. Thus, in the animal which 
died in 1D| hours, the numbers of bacilli in neighbourhood of injec- 
tion-wound were few, and tliore were none at all in the blood. In 
the animal which died in 23 hours there were more at the seat of 
injection, and a very few in the cardiac blood — an average of two per 
slide, but none in the portal blood. While in .the cat which 
survived for 40 hours the bacilli were very abundant at the seat 
of injection, and traces of bacilli were found in the portal as well 
os in the cardiac blood. 

The Characteristic Anatomical Lesions in Abrus- 

POISONING. 

These have already been detailed in the poBt-mortem reports 
of the fatal coses. The principal morbid appearances are found 
in the wound, in the blood, and in those tissues and viscera which 
are highly vascular, viz., in the lymphatic glands, voluntary 
muscles, mucous membrane of stomach and small intestines, 
omentum, sub-serous tissue, (visceral), lungs, liver, and spleen. 

At the seat of the hypodermic injection and in its neighbour- 
hood slight oedema of the subcutaneous tissue is found when 
the animal has survived for over 24—30 hours. This oedematous 
fluid contains bacilli, the oharooters. and significance of which 
will be considered at some length hereafter. 

The principal changes in the blood ore the enormous numbers 
of * blood-plates,’ and of those larger, dark, ^anular masses which 
are usually believed to be the broken-up nuclei of white corpuscles. 

The lymphatic glands, without being evidently enlarged 
or softened, ore hyper-vascular, and present numerous minute 
heemorrhages into their substance. Similar hmmoirhages occur 
into the substance of the voluntary muscles of chest and 
extremities. No bacteria existed at the seat of these oapillaiy 
heemorrhages. ^ 

The mucous membrane of stomach and intestine is highly 
injected; the hypei-eemia is most marked towards the lower 
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part of small intestine and oaput cmoum. Numerous small 
hsemorrhagio points ore seen on tho surface of tlie mucous 
membrane extending into the sub-mucous tissue. These are 
not specially confined to Peyer^s patches, but are generally 
difiPused. And the small intestine aUd colon contain a large 
quantity of blood-stained mucus. Microscopic examination 
shows that the capillary areas of the intestinal villi are fre- 
quently the seat of hoemorrhages. Tho mucous and sub-mucous 
tissue is infiltrated with red corpuscles, and the capillaries are 
distended by crowds of red corpuscles, but there is no apparent 
breach in the walls of the vessels. The red corpuscles appear 
to have escaped by diapedesis. No bacteria were found at 
the seat of these hsemorrhnges. In tho sub-serous layer cf 
the wall of the small intestine and stomach a few largo 
hmmorrhages may bo seen — in the stomach tliey are chiefly 
located towards its inferior and posterior aspects, and in the small 
intestine to the free border of the gut, opposite to the attachment 
of the mesentery ; and they do not extend to the muscular coat. 
The omentum also presents several largo sub-serous Inemorrhagio 
extravasations. 

The lungs present a few small hoomorrhagio points, chiefly 
towards the margins of the lobes. In the rest of their extent 
they are of normal appearance. 

The lesions found in liver are generally similar to those 
recorded by M. Cornil as given below, but without tho presence 
of bacteria. 

The spleen may be slightly enlarged, and present a faintly 
mottled appearance like that of liver, but it is of firm consistency, 
and shows no bacteria unless death has occurred slowly. 

In the post-mortem appearances described by M. Comil, the 
essential lesions of abrus-poisoning are evidently complicated 
by the presence of the accidental bacilli derived from the 
wound, for in his cases death did not usually take place until a 
period of two days had elapsed— on interval of time which easily 
allowed of the absorption of bacteria from the wound. 

In addition to oedema of the skin near the seat of injection, 
he speaks of a slight form of peritonitis with micro-organisms 
in the inflammatory products, ecohymosis in the gastric mucous 
membrane, swelling of Peyer’s patches, often with hsomorrhage 
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into them. In the greater number ot the oases he found isolated 
yellowish* grey areas on the surface of the liver. These islets were 
about 6 nun. in diameter, and disseminated in greater or less 
numbers on the inferior and superior surfaces of the organ. 
Scrapings from the surface of seotions always exhibited under the 
microscope the bacterial rods of jequirity. Seotions of these 
islets after being hardened in alcohol and coloured with 
methyl violet showed at the periphery of certain hepatic lobules 
an interlobular branch of the portal vein, sometimes filled with 
a clot containing in its meshes a quantity of the characteristic 
bacilli. In the same isolated foci of disease, whilst the capillaries 
were filled with the d6bris of blood corpuscles, the hepatic cells 
were also greatly changed ; they did not stain, and their nuclei 
were hardly visible, or they were replaced by vacuoles, and yellowish 
pigment granules were seen in the atrophied and mortified 
cells. In certain of Vie opaque dma%ed areas bacteria were not 
found (I). 

These appearances narrated by M. Oornil, so far as they 
go, represent more or less correctly several of the conditions 
observable in cases of sub-acute abrus-poisoning ; but that he 
overstates the extent to which bacteria are found, and misinterprets 
their real significance, will be appearent from the subsequent 
chapters. 

CHAPTER IV. 

Tlio Bacilli at the Seat of Injection imd ita neighbourhood. Their numbers, 
variety, and aignificancc. Description of the so-called “ speciSc jequi- 
rity -bacillus ** of Sattler. Evidence of the accidental nature of the bacilli. 

Tub numbers of bacilli found at the seat of injection after 
the introduction of a fairly large quantity of infusion are propor- 
tionate to the time which the animal may survive. When it dies 
quiokly, comparatively few are found ; but as the time advances, 
should the dose have been insufScient to kill the animal, they are 
found in increasing numbers, till the looal inflammatory process 

ends in resolution or sloughing. 

The bacillus which Sattler calls the speoiflo jequirity.haoillus 
is desori^ as being of aVut the same size os the badllus of 

(1) The italics are ours. 
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tubercle, but couBiderablj broader and thicker, and with square 
ends. These bacilli form a membrane on the top of the nutrient 
fluid, in which thej^ grow, which after a time sinks to tlie bottom. 
They ore motile, form end spores, and grow rapidly. 

In the experiments about to be detailed, the bacilli wore usually 
of different kinds. It was seldom that only one kind was found 
in the wound ; and the form which was most abundant in any one 
case was frequently altogether absent in other cases, and no spore- 
forming bacillus like tliat dosoiibed by Sattlor was discovered. 
.The extent of this variation in the form of the bacilli seems to bo 
more or less related to the duration of tlio localized inflamma- 
tion. In Exp. No. XXI only ono form was present. Thoy 
were large, with a length about Uth the diumotor of a red 
blood-corpuscle, and with a breadth about -^th of their length, 
and sharply cut across at ends. In Exp. No. XXII threo 
kinds of bacilli wore found, but none of thorn resembled tho 
bacillus found in tho previous experiment, Tho most Humor- 
ous variety was ono whose length was a little less than the 
diameter of a red blood-corpuscle, and a breadth of about one- 
seventh its length. The next most numerous variety was a very 
slender and delicate one, like the septicoomio bacillus of mice. 
The least abundant kind was a somewhat short bacillus, tending 
to form filaments of two, their length being slightly loss than 
half the diameter of a red blood-corpuscle, and their breadth 
being about one-fourth their length. This variety was found in 
great abundance as the surface of the skin was approached. In 
Exp. No. XXIII two different kinds of booilli woro found. 
The most numerous was a slender bacillus with a length slightly 
less than the diameter of a rod blood-oorpusolo, and a broodth of 
about one-sixth the length, the extremity of rodlet being slightly 
rounded. The other was a large filament- forming bacillus, liko 
that which is usually found in the soil ; tho ends of tho rodlets 
were straight, and their breadth about one-third of their length. 


The Bionificance of tee Bacteria in Wound, 

Evidence has already been adduced to show that the seeds 
themselves contain no bacilli. What, then, are the sources of the 
bacilli found in the neighbourhood of the site of injection ? 
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1. In an imloiled, and therefore unsterilised infusion, such 
as that used by M. Gomil, and also for the foregoing experi- 
ments, it is impossible to exclude the possibility of entry of 
germs from the air, for they cling to the surface of the seed, or 
may fall into the liquid during its preparation. 

2. A syringe, even when its needle and body are heated as 
strongly as they can bear, cannot be regarded as being altogether 
free from micro-organisms. The development of micro-organisms 
which Dr. Burdon Sanderson some years ago found to attend 
the inflammatory process following the subcutaneous injection of 
a solution of ammonia was attributed by him at the time to 
spontaneous generation. But Dr. Koch showed that in such 
injections, even when conducted with the greatest care, the nozzle 
of the syringe may carry organisms or their spores into the sub- 
cutaneous tissue. He made sections of the needle-tract, and 
demonstrated the organisms in the walls of this passage. 

3. Hypodermic injection, apart from the difliculty of eifeot- 
ually sterilising the syringe and its contents, has another serious 
objection: unlike inoculation, hypodermic injection is not a 
pure experiment. The tissues may become so injured by the 
tension and chemical action of the injected fluid that their vitality 
is reduced, and this physico-chemical alteration in the tissues 
predisposes to the development of bacteria by rendering the 
tissue less able to resist the attack of micro-organisms (1). 

The condition of the subcutaneous wound caused by the abrus- 
seed injection affords au example of sucli a case. And it would 
indeed be a matter for surprise were bacteria not found in 
such a wound or its immediate neighbourhood, for the super- 
jacent tissue, even to the unaided senses, has its vitality after 
24 hours so markedly reduced that the hairs over the seat of 
injection con be dragged out on the slightest traction, and the 
skin is obviously swollen and infiltrated, and its surface in part 


(1) It haa been ostablishdd by the obaervatione of Meaara. KoCH, OOSTOX, Chiene, A2m 
Ewart, Watson-Cheyne, that in the healthy atato of the animal body there are no 
living micro-oiganisma preaont amongst the tiasuea. The healthy blood and twauea have 
the power of killing off ordinaiy bacteria even when the latter have been injected into the 
oiroalation (Traubb and Qschezdler, Berlin Klin* Wochenkhrifl No. 87). But when 
a particular tisane haa its vigour reduced by inflammatory proceaaea or otherwise, any 
bacteria which may roach it mayAtpidly multiply there, meeting no longer with effectual 
opposition to their developmenii M. Cbauteau’s * biaonmagi ' experiments, deacribed 
in Jbamel’b Dt V Infection Purulenle, offer ezamplea of this kind of bacterial invasion. 




THE BACILLI IN THE BI.OOD. 


23 


denuded of epithelium, so that not only have bacteria which may 
have been introduced with the infusion or syringe got conditions 
favourable to their growth, but bacteria from the outer air can 
easily penetrate through the skin, the resisting power of which is 
diminished or lost. And that this may be one of the sources of the 
bacilli found in the blood in cases of abrus-poisoniug is evident 
from the attached sketch (Plato II) of a section through tlio skin 
ot the cat which was used in Exp. No. XXII. It roprosents 
the microscopical appearance of a vertical section through tho skin 
over the seat of tho hypodermic injection. The dilferont ports 
of the preparation are sufficiently indicated in the description 
facing the illustration. The bacilli are seen at different stages 
of their passage from without inwards into the subcutaneous 
tissue. They were all of one kind, and differed in appearance 
from the majority of those which oocupied the immediate seat 
of the injection. There were in oil three different kinds found 
in the latter locality, and tho variety which was most abundant 
towards the surface of the skin had hero fewest representatives. 

Thus wo see that bacteria may gain an entrance to tho wound 
in several ways, either during the process of hypodermic injec- 
tion, or afterwards ; and the fact that the bacilli found are not 
of one kind, but of a variety of forms, bears out tho idea that 
the presence of bacilli at the seat of injection is purely accidental. 


CHAPTEE V. 

Tho BacUU in the Blood. Their numbers, variety, and signiScanco. 
Evidence of their non-pathogenoue naturo. 

In oases where death has occurred rapidly, no bacilli at all are 
found in the blood. Thus with the chickens in Exps. IX, 
X, XI, Xll, and XVIII-- XX, and with the cat in Exp. 
XXI, no bacilli were found either in the cardiac or portal blood. 
When the animal survives for about 24 hours, then a few bacilli 
may be detected in the blood ; and in proportion to the time 
which elapses between the giving of the injection and the 
animal’s death, bacilli are found in the blood in increasing numbers. 

But when bacilli were actually present in the blood, in no 
case were they found in such numbers as to possibly account 



PLATE IL 


Vertical section through skin of a cat over seat of hypo- 
dermic injection. Only bacilli and cell-nuclei are stained, x 600 
circa, 

a. Bemoins of epidermisi separated up from cutis rora^ 

with a few bacilli in its substance and adhering 
to its surface. 

b. Inflammatory exudation between horny layer and 

rete of epidermis crowded with bacilli. 

c. Nuclei of cells of rete mucosum. The bacilli can be seen 

in the act of passing through Malpighian layer. 

(I, Plasma cells. 

e. Section of a small veini the walls of which are 
thickly beset by bacilli. Its endothelium is turn- 
ing inwards, evidencing loss of vitcdity. One 
Bolitaiy bacillus has penetrated the vessel, and is 
seen lying within. 

/. Section through a small artery. Its endothelium is 
also turning inwards, but no bacilli have actually 
entered the vessel. 
g. White blood-corpuscles. 
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for tho animal’s death. A fatal issue os a oonsequenoe of 
bacterial iavasion occurs (Ally when the bacteria, having multi- 
plied within the circulating blood, interfere to such an extent 
with the functions of cells, so numerous or essential to life, that 
life becomes impossible (1).” The number of bacteria required to 
effect this result is enormous — each drop of blood should contain 
at least many thousands ; but in those oases of abrus- poisoning 
where bacilli were found present in the blood, each field of the 
microscope never showed above two at any one time, and frequently 
only one solitary bacillus could be detected after closely scru- 
tinizing the whole area of the prepared slide. 

In the cat of Exp. XXII the slide of cardiac blood con- 
tained one bacillus of the variety already described at page 31 as 
being moat abundant in the wound. Tho slide of portal blood 
also contained two of apparently tho same kind as above. 
In oat of Exp. XXI II the portal blood was devoid of 
bacilli, but the slide of cardiac blood presented six, one of 
these being much larger and thicker than any of the other five. 
These latter were slender bacilli, similar to those already described 
os being present in the wound. 

With such a large local collection of bacteria in the wound and 
its neighbourhood, it would only be a matter of time till a few of 
them found their way into the blood, so that their eventual 
presence in the blood is not specially remarkable. 

That they ore not specific or pathogenic bacilli is abundantly 
evident from the following considerations: — 

1. -— They were not found in the blood in all the fatal oases ; 

therefore they are not essential to the toxic mani- 
festations of abrus-seed. 

2. — When actually found in the blood they were present 

in such infinitesimal numbers as to render it impos- 
sible that they could have been the cause of the 
animal’s death. 

3. -^The bacilli which were found were of different forms 

in the different animals^ and more than one form 
oo-ezisted in the blood of same animal. 

4. — The interval which elapsed between the time of injeot- 

ting a large dose and the death of the animal was 


* (1) ZnoLSB’s Patkokgieal AnaUmy, Eng. Tnuu., Vol. I, p. 288^ 1S8S. 
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altogether too short to admit of the possibility of 
death being due to bacterial invasion ; and the same 
argument also holds good against the possibility of 
death by absorption of any poisonous product set 
free during the bacteriid growth. 

5. — If any further evidence be required to disprove the 
pathogenic character of these baoi]li(l)i it is had in the 
fact that inoculation with the blood containing 
these bacilli was in every instance unattended by 
any positive result. The inoculation experiments 
were as follows 

A.-^Inoculat\cn atnih the Blood iUolf* 

Exp. XXIV. — ^The blood from right auricle of a cat (Exp. XXII) 
which had just died of abrus-poisoning was inoculated into the inner 
aspect of right thigh of a healthy oat. A considerable pocket was made in 
the subcutaneous tissue, and about three large drops of blood inserted. No 
effect followed. 

Exp. XXV.— At the same time as above experiment, and with 
the same blood, a healthy chicken was inoculated in the same matter. No 
result. 

Exp. XXYI. — ^With the cardiac blood of cat used in Exp. XXI 
a healthy chicken was inoculated. No result. 

Exp. XXVII. — Another chicken was at the same time inoculated 
with the portal blood of the same cat. No result. 

Br^Inoculaiion with Pure Cultivations, 

A cultivation was made of the cardiac blood of the cat used in Exp. 
XXllI. It gave after 48 hours several colonies of the two kinds of bacilli 
already described at page 26 as existing in the blood of that cat. The smaller 
variety existed in greatest numbers, and formed colonies with a sharply 
defined border. They were not chain-forming. The other larger variety 
was like the non-pathogenous bacillus which is found, in soil. It liquefied 
the gelatine, and formed large filaments. A pure cultivation of each of 
these two forms was made. 

Exp. XXVin.— a large quantity of the pure cultivation of the 
smaller bacillus was inoculated into the leg of a chicken. No result. 

Exp. XXIX.— a similar quantity was at the same time inoculated 
into the' back of a house-mouse, y No result. 

Exp. XXX.-^A large Quantity was smeared over the eye of a cat. 
No result. 


(1) Pathogenic for cats, fowls, and hoosa-mice. 
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XXXI.— A portioB of the pore oultiTation of the larger 
bacillus was inoculated into a chicken. No result. 

Exp. XXXII. — portion of the same cultivation was freely applied 
to a cat's eye. No result. 


CHAPTER VI. ■ 

The alleged Immunity against Further Attack which attends the injection 
of a single small dose is disproved. On the ctmtrary, n preliminary 
small dose predisposes to fatal issue oomolubion-— That the local 
action and toxic manifestations sre due neither to tho presence of 
bacteria nor to the products resulting from their growth. 

M. CoRNiii, in the zealous endeavour to explain the phenomena 
of ahruB-poisoning as the workings of a speoifio infective disease, 
has crowned his observations with the statement that the 
subcutaneous injection of a small dose of the abrus-poison confers 
immunity from subsequent inoculations, in somewhat the same 
manner as the inoculation of the * attenuated ’ virus of the infect- 
ive diseases is alleged by Pasteur to secure the individual against 
further attack. 

Amongst the specific infective fevers one attack usually 
exhausts the susceptibility of the patient to the disease. But when 
M. Comil attributes even this property also to abrus-poisoning, — 
which is so obviously a condition brought about by a chemical 
poison, such a statement detracts still farther from the reliability 
of his observations when it is found that not only is this alleged 
result incapable of demonstration, but that quite an opposite result 
follows under the oircumstances indicated. 

He reported that ** the subcutaneous injection of small doses 
gives rise to the phenomena of local inflammation, and gangrene, 
and confers immunity to that animal from subsequent inoo- 
ulations.” The following experiments disprove this statement : — 

Exp. XXXUI.— The chicken used in Exp. XIII, which had 
Tcceived a subcutaneons dose of ^th grain of seed, was given 20 days after- 
wards an additional } grain snbcntaneously. Death resulted in 16 hours. 

Exp. XXXIV.— The chicken used in experiment, which had 18 
days previously received ^^th grain of the seed, was given an additional 
i grain. Death resulted in 16} hours. 

Expt. XXXV.— a chicken was given jbth grain, and four days 
afterwards an extra } grain of the seed. Death resulted in 14 hours. 
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These experiments indeed seem to indicate that a relatiyelj 
small dose of ahrus-poison, so far from protecting against a fatal 
dose, aotuallj renders the animal more susceptible to the influeiioe 
of poisonous doses. Abrus thus behaves like ordinary ohemical 
poisons. It is well known that a certain amount of tolerance may 
be acquired with ohemical poisons. When a poison like opium 
or nicotine is daily ingested in small doses, the quantity can after 
a time be so increased as to reach an amount that would be 
poisonous to a person who has not contracted the habit, or even to 
the some individual at a future time, should he after breaking off 
the habit at once proceed to take this poisonous dose. But the 
acquiring of this power of tolerance necessitates the daily inges- 
tion of the poison for weeks and months; and even when acquired, 
it is a condition altogether different from the protection against 
further attack which one inoculation with the virus of a speciflc 
fever affords. 

The chief facts established by the foregoing experiments 
are—* 

1. The absence of bacilli or their spores in the seeds. In 
one culture experiment, where an imperfectly sterilised seed was 
used, bacilli were found, but these proved to be non-pathogenous 
to oats, fowls, and xnioe^the animals used throughout these 
experiments. 

2. TTnsterilised abrus-seed infusion (and the infusion used 
by M.M. Gornil and Sattler was unsterilked) strongly favours the 
growth of baoteria, portly perhaps on account of its highly 
albuminous composition. But no special form of bacillus was 
found constantly in all the specimens ; and all the bacilli and 
cocci found were innocent. 

3. The local action of unsterilised infusion is usually accom- 
panied by bacterial formation ; but the baoteria found are of 
various kinds, and non-pathogenous. They enter the wound (1) 
in the injected fluid, or (2) from the syringe during the process 
of injection, or (3) afterwards, when the reduced vitality of the 
port allows the degenerated tissue to become invaded by bacteria 
from the air. 

4. ' The intensity of^ the topical action of abrus-seed infu- 
sion, like that of other ohemioal irritants, depends upon the 
concentration and number of applications. 
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6. The toxic action of unsterilised abrus infusion is not 
necessarily associated with a generalised bacillar formation. The 
characteristic anatomical lesions are a profound alteration in the 
organized elements of the blood and the oocuirenoe of generalised 
minute haemorrhages into the substance of most of the highly 
vascular tissues and vi^era. The haemorrhages appear to occur 
by diapedesis without rupture of the capillary walls. These 
grave disturbances in the circulation, by lowering the resisting 
power of the tissues, favour the local development of any bacilli 
which may be carried to those remote ports with the circu- 
lating blood. 

6. With large doses of the poison death quickly occurs, 
accompanied by all the characteristic lesions, but too rapidly 
to be attributable to bacterial invasion. And direct examin- 
ation shows the complete absence of bacteria both in the blood 
and at the seat of the hsemorrhagio extravasations. 

7. When bacilli are found in the blood, their presence is 
purely accidental ; and they are non-pathogenous and non-specific. 

8. The blood of an animal killed by abrus-poison is not 
infective. 

9. Varying doses produce definite effects proportionate to 
the largeness of the dose, in the same manner as any other 
chemical poison. 

10. From experiments afterwards to be detailed, it will be 
seen that a short exposure to a temperature of 60^0. is sufiioient 
to destroy completely the activity of the poison; and this 
temperature is much too low to effect the destruction of bacteria. 

11. If. Comil’s 'statement that, like the specific fevers, one 
small dose, when recovered from, confers immunity against further 
inoculation, is disproved. A preliminary dose, on the contrary, 
appears to precipitate the fatal result. 


Each of these several points, taken individually, offers a 
sufficiently conclusive argument against the belief that the toxic 
effects of the abrus-seeds are due to bacilli; but when taken 
collectively, they present an array of adverse evidence which 
is altoget^r overwhelming. 
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It is difficult to conceive in what manner the distinguished 
authors of the bacterial theory of abrus-poison could have been 
BO for misled in their observations as to seize upon phenomena 
which are purely accidental, and magnify them into the first 
importance as factors in the production of the poisoning symptoms 
in question. 



PART II, 


Tub Chemical. Nature of Abrus-poison. 
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OHAPTEE I. 

Abrua seeds owe their activity to a chemical poison of a proteid nntnro. 
Manner in which this poison was detected. Form in which it exists 
in the seeds. Effect of heat in destroying the activity of this 
poison not due to coagulation. The physico-chemical properties and 
composition of the active principle — abrin. The place of abrin 
amongst the proteids. Abrin compared with vegetable albumins. The 
albumin of the Roots and Stems of Abrut preeatortus is also poison- 
ous. 

FiRDiNO«that the poisonous properties of abrus-seods are due 
neither to bacteria nor to decomposition products set free during 
bacterial growth, we then turned to chemistry, in the endeavour to 
isolate the poisonous priuoiple, which from the preceding obser- 
vations was evidently of a chemical nature. 

We have already seen that the seeds contain no volatile or 
fixed alkaloid or gluooside, and that the crystalline acid — abrlc 
acidf is inert, so that we are forced to conclude that the active 
principle of abrus-seeds must belong to an altogether different 
category from that which includes ordinary vegetable poisons, 
and that unusual means must therefore be resorted to for its 
detection and isolation. 

Whilst filtering the watery infusion of the seeds, we observed 
that an opalescent haze speedily formed in the clear filtrate on 
exposure for a few minutes to the air ; and removing this hazy 
precipitate by re-filtration, a firesh precipitate, slightly less dense, 
formed again ; and it was only after filtration and re-filtration 
through 12 to 14 filter-papers that a permanently clear filtrate 
was obtained. The original filtrate gave with picrio and nitric 
aoida a copious white, fiaky precipitate, showing it to be loaded 
with albumin, while this permanently clear filtrate gave no definite 
precipitate with these reagents. 
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Here, then, was some substance of an albuminous nature 
which had been removed from the infusion by the repeated 
filtrations, and a question arose as to whether or not the resulting 
liquid still retained its toxic power undiminished. The three 
following experiments were made to elicit this point : — 

Exp. XXXYI. — ^Ten minims of the fresh infusion, which had been 
passed through two folds of filter-paper, were injected into a chicken. 
Death resulted in 18 hours. 

Exf. XXXVII.— 6f the same infusion, after passing it through 
14 folds of filter-paper, 1 6 minims were injected into a chicken. No apparent 
effect for four days. Then it refused food, pined, and died on the 
7th day. 

Exf. XXXVIII.— a similar experiment to the last was made at the 
same time on another chicken. Death occurred on the lOih day. 

From these experiments it was therefore evident that the 
activity of the seeds was associated with this proteid material, 
which had been iu great part removed by the repeated filtra- 
tions (1). 

To isolate this proteid material so as to enable us to test 
directly its physiological action, we precipitated it by absolute 
alcohol from the clear filtrate obtained from a concentrated 
watery infusion. It fell as a fine white, fiocculeut precipi- 
tate, which, collected on a filter, became of a light slaty hue 
on exposure to air. About 1} graina ofthiswioM/ precipitate 
mixed with 16 minims of distilled water and injected into a 
chicken caused death in 20 hours. While a similar quantity, to 
which a few drops of sodic carbonate solution were added with 
the effect of thoroughly dissolving the precipitate, on injection into 
another chicken, caused death in 11 hours, with the character- 
istic poHUmortem appearances of abrus-poisoning. The details of 
these two experiments are given below : — 

Exp. XXXI X. — ^A freshly-prepared concentrated watery infusion 
was filtered through two folds of Swedish filter-paper, and the clear 
filtrate treated with absolute alcohol in excess. A copious fine, white, fiaky 
precipitate immediately appeared, and was coUeoted by filtration. The 


(1) SoHXiDT showed that on flitering an alhaminont liquid the filtrate contains 
lees slhnmin, bit no onalitative change occurs— Pt^yeiidp^c JiMaXeii for I860. 
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filtrate, whicli was clear and of a light straw colour, gave no precipitate with 
picric or nitric acids. Of the mout albuminous residue on the filter, about 
3 grains wore taken and mixed with 30 minims of distilled water, in whieh 
the albumin appeared to dissolve sparingly. Half this quantity of liquid, 
t.e., 15 minims, were injected into a chicken. It died in 30 hours with all 
the congestive and minute hsemorrhagic extravasations characteristic of 
abms-polsoning. 

Exp. XL.— The remaining portion of the mixture of water and 
the alcoholic precipitate had 2 minims of c mcentrated sodic carbonate 
added to it. A clear solution was at once obtained, the liquid becoming 
of a faintly yellowish tinge. This on injection into a chicken caused 
death in 11 hours. 

Tho post-mortem examination showed slight tendency tosub-scrous 
extravasations over walls of stomach and bases of lungs towards their attach- 
ment to chest wall. Tho intestines were not very markedly injected. 

The serum from tho scat of wound showed a few bacilli of two dilEoront 
kinds, one variety being small, thick-set, with a length less than tho 
diameter of tho nucleus of a red blood-cell, and its breadth i of its length, 
ends abruptly rounded off. The majority of these formed small chains of 
two and three. The other form was about ^ tho diameter of tho nucleus 
of a red blood-corpuscle, with a slender body and square ends, not chain- 
forming. 

This proteid body was therefore without doubt the active 
priuoiple of the seeds, and it seemed to aot with greater rapidity in 
proportion to the completeness of its solution at the time of 
administration. 

Form in which it Exists in the Seeds. 

It exists in the seeds in a form which is soluble in water, from 
whioh solution it is not precipitated by strong acids, by alkaline 
carbonates, or by chloride of sodium. It thus behaves like a native 
animal albumin. It is, however, precipitated, like globulin, from 
its watery solution by a current of carbonic anhydride, but re-dis- 
solves as the carbonic acid evaporates. The precipitate obtained 
in this way is readily soluble in distilled water. The hazy 
precipitate whioh forms in the infusion on exposure to air is 
apparently due to the oarhonio acid contained in the air, for when 
the filtrate is collected in vacuo it remains permanently clear. 
The watery solution is highly add on account of the abrio add 
present ; but the proteid does not exist in the seed in the form 
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of an add albuminate, for a large proportion of it is predpitated 
on boiling the infusion, and on neutralising its aqueous solution it 
is not thrown down. 


Effegi' of Temperature on the Activity of the Poison. 

The effect of temperature upon the activity of the poison 
is very marked. Boiling the watery infusion for an instant renders 
the poison permanently inert. And a short exposure of the 
watery infusion to a temperature of about 70^0. is sufficient to 
bring about permanent loss of its physiological properties. That 
a temperature of much less than lOO^C. will destroy the activity 
of the poison was found out while evaporating some of the 
watery extract at a considerable distance above the water- 
bath, where the temperature ranged from 65° to 75°. 

A temperature considerably below that necessary to coagulate 
albumin is suffident to lower the activity of this poison. Thus, 
exposure for three or four days to so low a temperature as 32°G. 
was found to reduce in a very marked degree the activity of the 
alcoholic predpitate kept submerged in alcohol, ~to prevent the 
development of bacteria ; and, after exposure for two weeks, the 
precipitate had become completely inert. That the loss of 
activity is due to the heat, and not to coagulation of the proteid 
by the alcohol, seems evident from the fad that the predpitate, even 
after two weeks’ contact with alcohol, was readily soluble in great 
part in distilled water with the aid of sodic carbonate and weak 
caustic Buda solutions^reagents which do not destroy, but on the 
contrary increase, the activity of the fresh poison. The powdered 
seed also, on exposure to a similar temperature in the air, has its 
activity dmilarly reduced. 

The following experiments also show that the effect of heat 
in destroying the activity of the watery infusion is not due to 
simple coagulation of the proteid, for it also occurs when coagu- 
lation is prevented by solution in an alkali or an add. Thus, in 
the case of the sodio and acetic add solutions no predpitation 
occurs even on boiling; ^ut the activity of the poison is lost. 
And the predpitate obtained by heating the watery infudon from 
70° to 100°G. may be re-dissolved by the aid of a small quantity of 
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8odio carbonate and oaustio soda ; but this solution when injected 
is inactive. 

Exp. XLI. — Thr<>e grains of tho powdered seeds were nibbed np with 
a small quantity of water and boiled for an instant. Half this quantity 
was injected into a chicken. No effect whatcyer. 

Exp. XLII. — Two grains of tlie freshly •prepared moist alcoholic 
precipitate were dissolved in a small quantity of water, to which a few 
drops of sodic carbonate solution had been added. This solution was 
boiled for two minutes without any precipitate forming. Tho boiled liquid 
after being cooled was injected into a chicken. No effect. 

Exp. XLIII. — The acetic acid solution of the alcoholio precipitate 
was boiled for two minutes and evaporated to the consistency of an extract. 
It was then dissolved in water and injected. No effect. 

A further illustration of this point is had in the behaviour of 
the peptone formed by the action of pepsin on abrin. We 
shall afterwards see (Exp. LXVII) that the peptone thus formed 
possesses considerable activity. But on boiling for an instant it 
is rendered wholly inert, although no precipitation occurs. 

The watery infusion kept at a temperature of lO^C. for 
several hours retained its activity undiminished. 

Effect of Dry Heat. 

Moisture plays a very important part in facilitating this 
decomposition, whioh occurs through heat. 

Although the exposure of the watery infusion for an instant 
to a temperature of lOO^C. suffices to destroy altogether the 
activity of the poison, the dried seeds may be exposed to a 
temperature of 100^ for several hours without having their 
activity seriously deteriorated. But prolonged exposure to 1G0°, 
even in the absence of air and moisture, serves also to destroys the 
activity. 

In the following experiments the seeds were reduced to a very 
fine powder and placed in Bohemian glass tubes, which were attached 
to a Sprengel pump and the air exhausted. These tubes, after 
their contents were thoroughly dried, were then sealed off in eitu 
and put into a water-bath for the different periods as noted in the 
experiments, and the activity then tested by hypodermic injection. 

Exp. XLIY. — ^Aboufc 15 grains of the finely-powdered seed was 
introduced inU> a piece of Bohemian glass tubing closed at one end. The 
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open oztromity waa attached to a Sprengel pump and retained for about 20 
minutes after a complete yacuum had been made. It was then sealed off 
in situ and introduced into a water-bath at a temperature of lOO^C. for one 
hour. The tube was then brokenj the inrush of air testifying to the 
completeness of the vacuum. Half a grain of this crisp powder was 
rubbed up with a little water and injected hypodermically into a chicken. 
The animal manifested the usual signs of abrus-poisoning and died in 26 
hours. 

Ezp. XLV. — One grain of ^o above dried powder was injected into 
another chicken. Death occurred in 20 hours. 

Exp. XLVI.— Another quantity of the freshly-pounded seeds was 
dried in vacuo in a similar manner and then exposed to a temperature 
of lOO^C. for three houre. Of this i grain was injected in the usual way 
into a chicken, and death resulted in 30 hours. 

Exp. XLVII.— H grains of the same dried and heated powder were 
injected into another chicken. Death occurred in 20 hours. 

Exp. XLVIII. — ^Another quantity of the powder, dried in vacuo as 
before, was heated to a temperature of 100° for 80 hours. Its colour had 
become slightly darker, and it gave off a faint burnt smell. Of this 4} 
grains were injected into a healthy chicken. On the day following it was 
manifestly affected, refused food, and drooped. After three days it had 
improved considerably. In about eight days it had almost recovered, with 
the exception of extensive swelling of the injected leg, which rendered it 
lame for about throe weeks. 

Exp. XLIX.— Another quantity of the powder was simply sealed up 
hermetically, without having been dried and exhausted of air. This was 
subjected to the same degree of heat and for a similiar period of time {viz. 
80 hours) as in last experiment. Its colour was then of a light coffee 
colour, and it gave off a strongly burnt smell. Of this 3 grains were 
injected into a chicken, and no effect whatever ensued. 

This last experiment appears to show that the moisture 
contained within the seed is in itself sufficient to effect rapid 
decomposition. 

In the preparation of'^sti/s” (1) the poison is exposed to 
the direct rays of the tropical sun to dry. Lard or other greasy 
matter^ however, is always previously mixed with the poison, 
and apparently tends to hinder this decomposition which occurs 
by heat. But ^ suis ’’ are very much less active than the freshly- 
powdered seeds. One “ sui ''weighing 2 grains, on being rubbed 
up with water and ii\jeo|ed!^ into a chicken, does not usually 


(1) Vide Appeodis II. 
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produce a fatal result till after tlie lapse of about 3G hours; 
whilst i grain of the fresh seed produces death iu about 18 
hours (1). 

The Mode op Extracting the Active Principle-Abrin. 

Considerable difficulty was experienced in obtaining the 
active principle in a pure form^ diiefly through its great sus- 
ceptibility to heat audits association with abric acid and extract- 
ives, which cause the crude product to becomo of a dark, slaty 
hue on exposure to the air. Of the two following methods of 
extraction, the second is that which appeared to yield a product 
less contaminated with extractives. 

The first method wos os follows : — The seeds wore reduced 
to a coarse powder by pounding in an iron moi'tar, the tostoo being 
removed to a considerable extent by winnowing. The powder 
was packed in a percolator plugged with cotton wool and a layer 
of sand, and percolated with cold distilled water, the process 
being hastened by connecting the receiver to an exhausting 
pump. The ^t portions of the percolate were turbid, but after 
exhaustion the liquid that passed through was briglit. TJio dark 
sherry-coloured and strongly acid percolate was now mixed with 
a large excess of 60 per ceut. alcohol, and the precipitate allowed 
to settle. The supernatant liquid was then siphoned oif, and the 
precipitate collected on a paper-filter. After exposure to air for a 
few hours to vaporise the alcohol, the precipitate was scraped oif 
the filter and mixed with cold distilled water, the resulting 
mixture being of a slate-grey colour and very turbid. Alcohol 
was again added, the precipitate allowed to settle, collected 
on a filter, and again treated with water and alcohol. The 
principle obtained by this process while moist was of a dark- 
slate colour which rapidly dt^epened on exposure to air. It was 


(1) The effect of heat in deetroyintr the inSammation-eiciting power of the seeds was 
determined as follows by M. Salomonsen (vide footnote, p, 7). He exposed small 
quantities of the watery Inftuion in sealed tubes to temperatures varying firom SC* to 
KXFC. in a water bath from ) on hour to 1 hour, and then tested their inflammation- 
exciting power after rapid cooling. After f hour’s exposure to 64** their activity waa 
oonaiderahly wealcenod, althonffh not completely annuUed. A frenhly-prepared, very 
active infheion was warmed at SS** for one hour, apd when afterward dropped into 
the eye produced an evanescent hyperamia without any ewelling or pna-formation. 
Exposure to 7(F for one hour completely desUFoyed this power. 
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dried under the receiver of an air-pump with sulphuric acid, 
powdered and percolated with chloroform (1), which removed some 
fatty matter and traces of uhiic acid; the chloroform being 
succeeded by absolute alcoholi which dissolved traces of eidractive. 
The principle thus purified was when pulverised of a dark fawn 
colour and somewhat hygroscopic. 

The second method of separation was conducted as follows 
The pulveiised seeds were first percolated with chloroform, which 
removed fatty matter, some abrio acid, and a yellow colouring 
principle. The powder was then exposed to air to evaporate the 
chloroform, and re-percolated with 40 per cent, alcohol (to remove 
extractives , until the percolate was nearly colourless. The powder 
was again exposed to air, and, when free from alcohol, percolated 
with cold distilled water. The resulting percolate hud only a slight 
yellow tinge, and was very faintly acid in reaction. The active 
principle was obtained from this percolate by precipitation with 
alcohol, and purified by repeated precipitation and solution in 
water, as already desoribed, and subsequently dried over sulphurio 
acid. The precipitate, whilst contained in the liquid from which 
it had been precipitated, is perfectly white, but on exposure to air 
it becomes, whilst drying, of a very light slate colour. 

To this proteid so obtained we have applied the name abnn 
It is much more active than an equal weight of the powdered 
seed, as will be seen from the experiments which are detailed 
further on. 


The Physical Propertibs of Adrin. 

When obtained in this purified form, abriu is an amorphous 
solid of a pale grey colour, and tasteless. In thin layers, it is of 
a gummy translucent appearance and yellowish colour, like dried 
white of egg. Cold water readily dissolves it, with the exception 
of a few flocks, and the solution, which is of a faintly yellow 
colour, froths ou agitation. In glycerine it is also soluble. And 
it is precipitated from its aqueous and glycerine Bolutionsby 
alcohol in white, curdy flakes, which become of a light daty hue 
on exposure to air. ^ ; 

(1) Chlotofonn was used aa being a better solrent of abrto add than ether, ai noted 
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On boiling the watery solution of abrin it becomes opalesoenti 
and a whitish floooulent deposit falls, and the supernatant fluid 
becomes of a light brown colour. G^s precipitate collected by 
filtration is partly soluble in caustic soda, from which solution 
on neutralization it is precipitated by picric and nitric acids 
and alcohol, and the alcoholic precipitate is sparingly soluble 
in distilled water. The filtrate, which is of a light amber colour 
and of acid reaction, gives a slight cloudiness with distilled water ; 
and weak solutions of acetic acid throw down a flocky precipitate, 
which dissolves in excess of the acid. A copious white pre- 
cipitate is thrown down by tannin, alcohol, and ether ; and the 
alkaline carbonates give a slight precipitate. On neutralizing this 
amber-coloured filtrate no precipitate is thrown down, showing 
that the proteid is not an acid albuminate. 

With a dry heat, as has been already seen, decomposition 
takes place much more slowly. 


Its Chemical Bbaciions. 

The concentrated aqueous solution of abrin has a decidedly 
acid reaction. It gives the following- reactions. Absolute akolwl 
' readily precipitates abrin from its aqueous or glycerine solutions. 
If the solution is a dilute one, a very large excess of alcohol 
requires to be added to effect precipitation, as abrin is slightly 
soluble in dilate alcohol. 

Ether agitated with a watery solution of abrin throws down 
no precipitate but the addition of ether or chloroform appears to 
hasten the subsidence of a precipitate with alcohol. 

Very dilute hydrochloric or nitric add produces a precipitate 
which is extremely soluble in excess of the acj^. 

Qladal phosphoric acid and metaphosphate of soda give a 
white precipitate which is soluble in large excess. 

Dilute acetic add gives a white precipitate soluble in large 
excess of acid. 

Tannic add gives a copious white curdy precipitate. 

Basic acetate of lead^ mcrcurk chloride^ and dlvsr nitratet give 
a white precipitate insoluble in excess. 

Potasssium/erroeyanide and perchtoride of iron do not precipi- 
tate abrin from its watery solutions. 
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VATURB OF ABRUS-POISON. 

Milhnit fmgent ^ves the usual purple-red proteid reaction. 
Strong camiic poimh gives rise to no precipitate. On boiling 
this solution ammonia is evolved, and the liquid becomes of a 
somewhat darker hue (1). 

The Ultimate Composition of Abrin. 

The abrin which was obtained by the first described 
method, after having been dried over sulphuric arid for 48 hours 
yielded the following results on combustion with cupric oxide 
and oxygen in an open tube, the usual precautions being adopted 
for niirogenouB compounds : — 

(I) *1790 aram. gave *2868 CO, and *1258 gram. H«0. 

(II) *2142 „ „ *3442 „ „ *1608 „ 

These results expressed in parts per 100 give — 

(I) (11) 

Carbon ... ... 43*5754 43*8236 

Hydrogen ... ... 7*7652 7*7964 

Two nitrogen determinations by the soda-lime process, the 
bulbs being filled with dilute hydrochloric acid, and the ammo- 
nium chloride converted into the double platinum-ammonium* 
salt, yielded on ignition of the double salt the following amounts 
of spongy platinum : — 

(I) 1*3492 gram, abrin gave *9640 gram, spongy platinum, 

(II) *7684 „ „ „ *5622 „ 

which is equivalent to — 

(I) 10*2801 per cent. Nitrogen. 

(II) 105283 „ 

Two aril determinations gave the following percentages 

(I) 9*1620 per cent, of asb. 

(II) 9*3370 „ M „ „ 

(1) Salomonsin (vide foot-note p. 7) also being led to oonolude that the looal 
notion of the eeeda on the oonjuotiTa was not due to bacteria, endeavoured to isolate the 
poison by bhemicol means, and^opted the ordinary method for extracting a proteid—* 
somewhat similar to that made use of by us ; and he found that the dried akohoUo 
precipitate was ** soluble in water or glyoerine, and a few drops of this wateiy 
or glyoerine solution brought into the oonjunotiTal aao of a rabbit calls forth an inSam- 
mation with all the olinioal and anatomical oharaoters of abroa-ophthalmiai*' 
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One sulphur determinationy with fusion mixture of r3650 
gram, abrin dried at 140^0., yielded *0376 grams Ba 
equivalent to *3763 per cent, sulphur. 

The ultimate percentage composition of abrin prepared by the 
first method may therefore be stated as follows : — 



(I) 

(11) 

Mean. 

c. ... 

... 43-6764 

43*8236 

43*6994 

H. ... 

... 7*7652 

7*7964 

7-7808 

N, ... 

... 10*2801 

10*5283 

10-4021 

O. ... 

... 28-8509 

28-1674 

28*5105 

s. ... 

•8674 


*3674 

Ash 

... 9-1620 

0*3370 

9*2496 


100*0000 

99*6426 

100 0000 


On drying abrin in the hot-air bath at 140^0. it lost 5*2540 
per cent 0. Deducting ash and water^ the mean percentage 
would be as follows : ^ 

C. ... ... 60*8241 

H. ... ... 8*0422 

If. ... ... 12*0878 

O. ... ... 28*6313 

a ... ... *4146 

100*0000 

The abrin prepared by the second method was first dried over 
sulphuric acid and then in a hot-air bath at 140^0. On combus- 
tion with oxide of copper the following results were obtained 

(1) *1862 gram, gave *2872 CO, and *1174 gram. H, O. 

(XI) *1761 f$ ,1 *2687 9f tf *1105 n 

These results gife the following percentages : — 

(I) (XI) 

C. ... ... 42*8300 41*3603 

H. ... ... 7*0032 6*9674 

One nitrogen determination with soda-lime gave— 

*6468 gram, abrin gave *3276 gram, spongy platinum, 

which is equivalent to— 

8*6602 per cent of Nitrogen. 

Two adi determinations gave— . 

(I) 11*0369 per cent of ash. 

(ID 12*2a9 
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chemical nature of abbus-poison. 


The ultiinflte percentage composition of ahrin prepared by 
the second method may therefore be stated as follows 




(I) 

(H) 

Mean. 

0. 


... 42*3300 

41-8608 

42*0901 

H. 


... 6-9674 

7*0032 

6*9863 

S. 


... 8*6602 


8*6602 

0. and S. ... 


... 29*8075 


30*1840 

Ash 


... 12*2449 

11*9369 

12*0904 

• 


100*0000 


100*0000 

Deducting 

follows:— 

ash. 

the mean 

percentage compodtion would be 

C. 

• a. 

•as 

aaa ... 

47*8674 

H. 

at. 

• so 

•s# ••■ 

7*9460 

N. 

aaa 

• Si 

... ... 

9-8373 

0. and S. 

a.. 

see 

Ma ••• 

84-3693 


100*0000 


The ash was found to contain a large amount of phosphoric 
add. It was very faintly alkaline in reaction, and contained a 
dedded trace of iron. 

The Place of Abrin amongst the Protbids. 

The dassification of vegetable proteids at present in use is 
that of Liebig (1). He distinguishes : — 

1. Ab plant~albumin the proteid held in solution in aqueous 

plant juices or extiacts, which is not precipitated by 
acetic add, but which coagulates when heated. 

2. A%plant^fibrin the constituent of feeds which is insolu- 

ble in water and aqueous ammonia. 

3. As pUnUeamn the constituent which dissolves in cold 

water and is not precipitated from its aqueous solution 
by heat, but is predpitated by acetic add. 

4. Thelastdassisi^/aii^ys/s^a. which is generally similar 

to animal-gdatin. 

According to this dassification abrin cannot belong to either 
the 2nd or 4th category, and its being predpitable by aoetio add 
prevents its being regi^eA as plant-albumin,” whilst its being 
precipitated firom its aqueous solution on boiling prevents its being 


(1) On tbe Nitrogenous Food-stu£fs of the Vegetable Kingdom.— Ann. PAans., 
XXXIX, 129. 




FLAGS OF ABRIN AMONGETT THE FBOTEIDS. 


45 


classed as plant-oasein. So that abrin is altogether exoludod from 
a place in this unduly restricted classification. If| instead of 
‘‘ not precipitated by acetic add/' we read “ soluble in excess of 
acetic acid/' then abrin would obtain a place amongst the plant* 
idbumins/’ to which class it seems naturally to belong. 

Abrin cannot certainly be considered as being a form of 
plant-oasein, for casein, which is now believed to be identical with 
alkali-albuminates ( 1)9 is not precipitated from its aqueous solutions 
on boiling, and is insoluble in distilled water. Abrin has the 
properties, not of a derived^albumin^ but of a mtire^aihHmin (animal) 
such as that described by Foster (2), being “ soluble in water and 
not precipitated by very dilute acids, by carbonates of the alkalis, 
or by sodium chloride, coagulated by heating in solution to a 
temperature of about 70°O. If . dried at 40®C, the resulting 
mass is of a pale yellow colour, easily friable, tasteless, inodorous, 
and soluble.” 

The typical native albumin is egg-olbumin. In the follow- 
ing table is given the percentage composition of egg-albumin, 
together with that of pea-albumin, and a few other vegetable 
albumins for comparison with the percentage composition of 
abrin, which is also appended : — 


Table 9howing Percentage Compoeition of certain Vegetable^athuniine 
mth Egg^albumin and Abrin, 



C. 

u. 

N. 

O. 

S. 

Ash. 

Egg-albumin (8) 

Pea-albumin (4) 

Gonrd-eeed vitollin (5) 

Para-nut vitellin (6) 

Wheat albumin p) 

ISond ” (9) 7 .. 

Potato „ (191 ••• — 
Abnn •«. ... ... ••• 

03'98 

62'45 

srse 

6«'4S 

6874 

6371 

65*96 

63*81 

60*83 


14*24 

"i7*86 

18*10 

15*66 

16*85 

1376 

13*06 

22*34 

”82*06 

81*80 

88*40 

22;07 

82*70 

”^*63 

1*ffil 

0*80 

0*54 

0*65 

1*04 

0*77 

””(im * 

0*41 1 

8.3 

0*80 

1*18 

“*8*6 

1*4 

Deducted. 


(1) Fostbb’s Phytiologyt p. 708, 4th edn. 

(2) TStd, p.702. 

(8) Tbbilb, Kopp't Jakre9b.f I867f 774. 

(4) RuuKC. Ann. Pharm, 68., 300. 

(6) J. Babbibbi, Jour, Prakt, CAm, [21 18., 102-16. 

(6) Wbyl, Pflugei't Arekiv, Bd. 12. 

(7) Dumas A Gahoubb, N, Ann, Chim, Phyo, 6 , 409. 

(8) JOBIS, Awn,, Pharm,, 40, 60. . 

(9) OMiLm, Handbk, Org, Chem,, Vol. XII, p. 427. 













46 


CHEMICAL NATURE OF ABRUS-FOISON. 


It will be seen that the composition of abrin approximates 
somewhat closely to that of egg-albumin and the vegetable 
albumins. It is to be noted that in the foregoing tabulated ana- 
lysis of these latter the albumin was obtained by coagulation of 
the cold aqueous extract by boiling. 

The best proof that abrin is nothing more nor less than the 
albumin of Ahru^ precatonua is had in the fact that the albumin 
of the roots and stems of that plant is possessed of the identical 
poisonous properties which characterize the albumin of the seeds. 


The albumin of tee Roots and Stems of Abrus 
Precatorius is also poisonous. 

The roots and stems of Abrus precatorius contain the same 
active principle — abrin which exists in the seeds. 

The fresh roots and stems, gathered in the month of February 
were reduced to a coarse powder, and a concentrated, cold, watery 
infusion made after the same manner as when operating with the 
seeds. This infusion on being filtered was of a pale straw colour and 
slightly acid reaction. It yielded with nitric and picric adds in the 
cold a fairly copious white precipitate, and also on boiling. With 
alcohol a white predpitate was thrown down, which was slightly 
soluble in distilled water, and more readily in caustic soda or sodio 
carbonate. Both the infusion and the alcoholic precipitate on injec- 
tion subcutaneously produced death with the usual appearances 
of abrus-poisoning. The infudon also, when applied to the 
ocular conjunctiva of a rabbit, induced acute abrus-ophthalmia, 
going on to partial sloughing of the cornea. 

Exf. L.— Of the oonoentrated infusion of pounded abrus root and 
stems, 26 were subcutaneously injected into a chicken. Death occurred 

in 60 hours with the usual symptoms and post’^uortem appearances of 
abrus-poisoning. 

Exp. LI.— Two grains of the moist alcoholic precipitate dissolved in 
20 of Water and injected hypodermically produced death in 

18 hours. 

Exp. LIl .— a small ^tftity of the filtered watery infusion ap^ed 
to the eye of a rabbit prodded on the following day intensely acute Mam- 
mation of conjunctiva, with hssmorrhagio extravasations and iritis, and 
ultimately the formation of a large corneal idcer. 
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The folloBring experiments riiow that the active principle— 
abrin is more abundant in the rind than in the duramen of the 
stems and roots : — 

Exp. Lin.— i oz. of the mixed rind of the roots and stem was reduced 
to a coarse powder and mixed with water and macerated \iith occasional 
trituration in a mortar for three hours. The resulting infusion was filtered, 
and of the clear filtrate 30 minims were injected subcutaneously into a 
chicken. Death occurred in 17 hours. 

Exp. LIV.— a similar quantity of the clear filtrate was injected into 
another chicken. Death occurred in 18|. 

Exp. LV. — } oz. of the mixed heart-wood of the roots and stems was 
cut into small, thin slices and pounded in a mortar, then macerated with 
occasional trituration for three hours and filtered. Of this clear filtrate 
3f) minims were injected into a chicken. Death occurred in 43 hours, with 
the usual appearances of abrus-poisoning. 

Exp. LVI. — ^The foregoing experiment was repeated on another 
chicken, and death took place in 47 hours. 

This disooveiy that the roots and stems oontain large 
quantities of the deadly principle— abrin, is of very great practical 
importance, and should serve to banish from the Indian Pharma- 
copoeia the roots of this plant, wliich are recommended as a 
substitute for those of Qhjcyrrhiza glabra^ as a demulcent. And 
the dangerous practice, so common amongst the natives of this 
country, of chewing the roots of this plant for tho sake of the 
faintly sweetish principle (1) contained therein, is to be seriously 
discountenanced, for should any excoriations exist in the person’s 
mouth there is nothing to prevent the poison from being absorbed 
into the system with fatal results. 

This remarkable property of being harmful only when intro- 
duced directly into the circulation is veiy suggestive of the 
possibility of morbid states being occasionally produced autogene- 
tioally by the absorption of certain animal excretions and secretions 
which are harmless only so long as they pass off by the healthy 
and unbroken alimentary or other mucous tract. 

In Appendix VI are given the chief points of contrast 
between the roots of precatoriua and those of Olycyrrhiza 


(1) Isolated by Bzazzuus In 1827, and apparentiy similar to the sweet principle 
oontained in true liquorice-root. 




48 GHEMIOAL NATURE OF ABRUS-POlSOlT. 

glahra so as to facilitate the detection of oases of false substitution 
of the former root for the latter. The differences between these 
two roots can be readily and certainly determined by microscopical 
examination. 


CHAPTER 11. 

Tlio Mode of Action of Abrin. The probability of its being a Ferment 
considered — ^ita chemical constitution is somewhat wimilftr to vegetable 
« enzymes,” but it is incapable of rendering poisonous the bland 
leguminous matter of the common pea. It has no amylolytic power 
or peptonising action on egg-albumin. Alleged toxic action of 
digestive ferments when administered subcntaneously. Papayatin 
contrasted with abrin, and found to have no siinilaiity. Effects 
of ptyalin and pepsin when administered hypodermically. Destruct- 
ibility of active properties by heat not peculiar to ferments. The 
relatively slow onset of symptoms, even after what ought to be 
overwhelming doses, not apparently due to leavening action, but to 
abrin being a colloid and slow of absorption. Undesirability of 
terming abrin a ** ferment.” Abrin compared with Snake-poison. 
Action of Pepsin upon abrin. 

In seeking to asoertain the manner in which this active prin- 
ciple— abrin, exeroises its toxic action on the animal economy, 
we are at once led to consider whether or not it may behave as a 
chemical ferment. Its proteid nature, as well as the destruction 
of its toxic power by exposure of its aqueous solution for an 
instant to a temperature of 100°G. ; .the considerable intervid 
which elapses between the administration of what ought to be 
on overwhelming dose and the development of symptoms; its 
harmlessness when given by the mouth or injected per rectum^ 
all suggest the probability of its acting in this way. 

The term fmmnt has hitherto been applied to ^*two groups 
of agents, which, although nearly allied in origin and mode of 
action, nevertheless belong to essentially different categories. 
The organised or formed ferments of which yeast is the type are 
independent organisms, with powers of growth and reproduction, 
and the transformations which constitute their special character- 
istics as ferments are inseparably associated with the nutritive 
operations of these organisms. The ferment power cannot be 
separated from the fergient organism by any method or by any 
solvent. The soluble ferments^ on the other hand, pass freely into 
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solution in water; their action is dissooiated from the life of the 
gland-cells which produced them, and they are wholly devoid of 
the power of growth and reproduction. Kiihne designates these 
soluble ferments enzyms (!)•” Examples of chemical or soluble 
ferments are emulsin, papayatin, diastase of malt, myrosin» 
ptyalin, trypsin, &o. 

It is to this latter class — the so-called “ enzymes ” (ev, in, and 
feiment)— that abiin would belong if it proved to bo a fer- 
ment. The mode of extracting chemical ferments from vegetables 
is identical with that which we have employed for the isolation of 
abrin. But it is a similar process also which serves to extract albumin 
from seeds or other vegetable tissues emulsin may, in foot, be 
called sweet-almond albumin ; papayatin, papaya albumin ; 
diastase, wheat or barley albumin ; and abrin, abrus albumin ; and 
so on. 

The chemical composition of the known vegetable enzymes 
has not yet been completely worked out. In the following table 
the published composition of three of these ferments— the only 
ones which appear to have been analysed — ^is contrasted with that 
of abrin 


TaUe sAawinff the Percentage Compmtim of Vegetable Enzymee ae 
compared with that of Abrin. 



But the term ferment ” implies the possession of a special 
set of qualities — ferments being substances which possess the 
property of exciting chemical conges in matters with which they 


(1) W. BoaimT.i Pnc. Xm. So»^ 89, p. 148, 
(0 Bou, Jam. Ck. Pharmaan UtX, 148. 

(») a Kura. BM. CMr, 1879^ p, m 
H) A. Womn^ Cbmrt. Snitu, 90, 18» (1881). 
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ioome into contact'’ (1). And in the exercise of this aotioDi the 
ferment itself appears to be undestrojed, it beiog ** asserted that 
in the fezmentiye process excited by soluble ferments, the amount 
of ferment at the end of the process is the some as at the 
beginning ” (2). 

To ascertain whether or not abrin might possibly consist of 
ordinary pea^alhnmmplus some soluble ferment which so reacted 
upon pea-albumin as to render it poisonous, the following experi- 
ments were undertaken. First of ^ the bland leguminous matter 
of the common pea (pisum) was injected without any poisoning 
symptoms developing : — 

Exp. LYII.— The solid matter of one pea deprived of its cuticle was, 
rubbed up with 20 minims distilled water and injected hypodermically 
into thigh of ohichen. Ko effect. 

Exp. LYIIL^The above experiment was repeated on another chicken 
with no effect. 

Then a very small quantity of a weak infusion of abrus-seed 
was rubbed up with the bland leguminous matter of the common 
pea, and injected, but death did not occur sooner under these oiroum;* 
stances them in the control experiments, where a similar quantity 
of the weak abrus infusion had been given by itself, as the follow- 
ing experiments show 

Exp. LIX.— Oue-oighth grain of abrus-seod was rubbed up with 
about 20 minims of distilled water and injected into a chicken. Death 
occurred after 6 days. 

Exp. lx.— T he foregoing experiment was repeated in another chicken. 
Death occurred in 6} days. 

Exp. LXI.— With an kth of a grain of abrus-seed, grains of bland 
pea-albumin wore rubbed up along with 20 minims of distilled water and 
injected. Death took place in 6 days. 

Exp. LXII.—- The foregoing experiment was repeated on another 
ohioken. Death occurred in 7 days. 

The most common property of ferments is the power of 
decomposing proteids or starch. Direct experiment diowed that 
abrin possesses no amylolytic power, or peptouising action on egg- 
albumin. 


(1) HcKraDBZOX's Pkjfiioliogy, p. 42. 
(S) Ibid., p. 6A 
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IPAPATATIN COMTSASTBO WITH ABRIN. 

It has been asserted that oertain fexmeatB, although harmless 
when taken by the mouth, become fatally aotiye when injected 
subcutaneously. Thus Bossbach is reported (1) to state that after 
the intiayenous injection of a solution of papayatiu the blood 
contains in a few hours enormous quantities of micrococci and 
biscuit-shaped bacteria in lively movement, and death speedily 
results with all the symptoms of septicsemia. This property attri- 
buted to papayatin rendered a comparison of papayatin with abriu 
highly desirable. 

PaTATATIS CONTBASTED fFlTH A BBiy, 

Papayatin is a ferment obtained from the juice of the fruit 
and trunk of Cariea papaya^ an exceedingly common fruit-tree in 
India, by precipitation with alcohol. It presents all the characters 
of a strong digestive ferment, resembling pepsin and that secreted 
by carnivorous plants. Placed in contact with nioid fibrin in 
slightly acid, neutral, or slightly alkaline solutions, it dissolves 
large quantities of that substance — the fibrin, first softening, then 
disintegrating without swelling, and, becoming dissolved, leaves a 
residue of dys-peptone (2). Indian oooks are aware of this pro- 
perty of papaya juice, and use it for rendering tough meat tender. 

The following experiments were made with the fresh papaya 
juice. 

Exp. LXin. — ^An eighth of an ounce of the fresh juice was mixed 
with an equal quantity of water, well rubbed up in a mortar and filtered. 
The clear filtrate gave a copious precipitate with alcohol and nitric and 
picric acids. Of this clear filtrate 20 minims were injected hypodermically 
into the thigh of a chicken. E'o result whatever. 

Exp. LXiy.— -a similar amount was injected subcntaneonsly into 
another chicken. No result. 

Exp. LXV.— a large amount of the fresh juice was freely smeared 
over the ocular conjunctiva of a rabbit. No result. 

From the above experiments we must conclude that, however 
true Bossbach’s statement may be as regards intravenous injec- 
tiozi, the iuhcutanetm injection of tolerably large quantities is 
unattended by tozio results. 

(1) LcumO, Vol. 1, 1882, p. 280. 

(2) WvBti Aim Boucbr, Compt, rendut, 62, p. 426 (1879). 
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itfODE Ot Aonov Ot ABE19. 


SAUTA is asserted by M.M. Pasteur and Yulpian to possess 
tozlo power when injected under the skin. M. GFrifiBni has 
lately repeated their experiments, and finds that ordinary mixed 
saliva, when filtered through porous plates, so as to exclude 
bacteria, and injected beneath the skin of rabbits, does not 
produce any local gangrenous changes, but a general infection of 
the blood, resembling in all essential respects septicsemia. The 
unfiltered saliva produces gangrene of the part where injeoted(l). 
But, as he found pure parotid saliva was innocuous, it would 
appear likely that the toxic properties of mixed saliva were due 
to some poison generated during the growth of the non-specific 
bacteria which infest the sidiva once it has entered the buccal 
cavity. 

The subcutaneous injection of small quantities of PEPsiir 
fdso seems (Exp. LXIX) to be unattended by any marked 
constitutional effects, so that it cannot be regarded as a property 
of soluble ferments that they necessarily produce poisoning 
symptoms when introduced hypodermically. 

Destructibility of the active properties by exposure to a 
temperature of 100^0. is a quality common to almost all forms of 
albuminous matter possessed of special properties, and does not 
necessarily imply that the substance is a ferment. 

The relatively riow onset of the symptoms even after the 
subcutaneous injection of what ought to be an overwhelming 
dose is not apparently the result of any fermentative change or 
leavening action, but seems due to the fact that abrin is a colloid 
body and not readily absorbed. It has been already seen 
(Exp. XL) that when the proteid is rendered more soluble by 
the addition of sodio carbonate or caustic soda, death occurs 
more rapidly. And in intravenous injection, where the poison 
gains iq^edy access to the circulation, death occurs with much 
greater rapi^ty than under any other conditiona 

Exp. LXVL— 'Two grams of the moist alcoholic precipitate were 
dissolved in about SO minims distilled water, and the solution which was faintly 
acid neutralised with sodio carbonate solution. A small quantity of one 
per cent solution of common salt was added, and the whole injeeted 
into the pectoral vein of a chidran. Death took ]^e in 10 hours. 


(l) AivAiik ptr k^Seimm t t. 1882 . 
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We thus find no direct proof that abrin possesBes any of the 
properties which specially characterize the soluble ferments — 
papayatin, ptyalin, and pepsin ; and as the use of the term * fer- 
ment/ when applied to an unorganized poison, such as abrin, is 
calculated to convey an altogether erroneous impression as to its 
true nature, it seems highly undesirable to make use of this term 
with regard to abrin. We therefore prefer to designate abrin 
simply as a chemical ^(A^n qf a proteid nature. 

Abrin compared with Snake-poison. 

Abrin bears in many ways a strong analogy to snake-poison. 
Like snake-poison, it may be taken by the mouth with impunity ; it 
is only when introduced into the subcutaneous tissues, or directly into 
the circulation, that toxic symptoms develop. Heat lessens the 
activity of both poisons, but affects abrin much more powerfully. 
The toxic symptoms of these two poisons also exhibit a certain 
amount of similarity— general depression, drowsiness, fall of 
temperature, and hoemorrhagic lesions being more or less common 
to both. The marked differences, especially the convulsive 
phenomena, can be accounted for by the more complex constitu- 
tion of snake-virus. 

Snake-venom appears to consist of a mixture of several toxic 
agents. Dr. S. Weir Mitchell has published in the Lancet (1) 
the results of his latest observations, which show that snake- 
poison can be separated out by dialysis into at least three proteid 
constituents : one^ dialysable and resembling a peptone — ‘ venom- 
peptone,’ and apparently a hastener of putrefactive change, and 
a convulsive agent, but with little power to prevent coagulation of 
the blood, and varying greatly in power in different snakes. A 
eecond — ‘venom-globulin,’ a more deadly poison, acting power- 
fully on the blood and capillaries, so as to cause enormous local 
heemorrhages at the point where the poison is injected. It was 
destroyed at 100^0. in all the venoms studied. The third proteid, 
.‘venom-albumin,’ resembles serum albumin. It is also an active 
poison resembling globulin in its mode of action.” His obser- 
vations make it probable that “ the differences between the most 
distant genera of thanatophidia will be found rather in the 

(l)yol.II, I888, p.94. 
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relative amount and energy of these various elements than in any 
distinct qualitative peculiarities.” 

But in addition to these three proteids, snake-poison contains 
a oiystallizable and very active non-albuminous constituent. 
Blyth(l) found that after the proteids had been removed by 
precipitation with alcohol and filtration, the resulting aloohoHo 
extract yielded crystals having a markedly acid reaction and 
toxic properties. To this substance he applied the name eobtie 
acid provisionally. Mr. A. Fedler also states (2) that he found the 
dcoholio extract very active. Alcohol precipitated about 60 per 
cent, of albuminous matter from the fresh poison, and the remaining 
40 per cent, was soluble in alcohol. The alcoholic extract was 60 
to 100 times more active than the albuminous precipitate (3). 

The very great rapidity with which snake-poison acts, and 
which so strongly contrasts with the slower action of abrin, 
would thus appear to be due to the fact that one of its consti- 
tuents is crystalline and readily absorbed. And amongst its proteid 
constituents venom-peptone would also be readily dialysable, and 
so would rapidly induce poisoning symptoms. 

Putting aside, then, from the phenomena of snake-poisoning 
those sudden effects which may bo reasonably attributed to this 
crystalline principle and to the readily dialysable peptone, we have 
left two proteid constituents which ore more or less comparable to 
abrin as regards their rate of absorption. And it is doubtless to 
one or other of these two latter constituents that snake-poison 
owes whatever resemblance it bears to abrus-poison. 


(1) Analyst for 28th February 1877. 

(2) Trans. Roy. Soe., p. 19, 1878. 

<3) Dr. Weir Mitchell, the latest exponent of snake-poison, is apparently unaware 
of this fact, that at least one variety ot snake-poison, vis., oobra venom, has bm diown 
to contain an intensely active crystiUline principle which is not of an albuminous 
nature. When this fiust is recognised, it will be evident that the method adopted by 
Weir Mitchell is insufficient to remove aU this poison from the dialyser, so that his 
* venom-globulin * and albumin as well as the * venom-peptone ' must have been contam- 
inated with this poison. The first thing to do is to separate out this active non- 
albuminous constituent ; and as it is said to be cxystallme, there ought to bo compara- 
tively little difficulty in isolating it and testing its phydological action. The proteids 
which are left might then be obtained in a more or less pure state by dialysis or 
otherwise, and their individual nro^erties tested. We are undertaking an analysis 
of cobra-poison on the lines just tow indicated, and will publish the results in due 




ACTION OF FEFSIN ON ABRIN. 


65 


Of these two constituents of snake-poison, yIz., * venom ^ 
globulin’ and * venom-albumin/ abrin is physically more nearly 
allied to * venom-albumin ; ’ for we have already seen that 
abrin does not exhibit the characteristic properties of animal 
globulin, with the exception that it is precipitated by corbonio 
anhydride. But Weir Mitchell asserts that ‘venom-albumin’ 
possesses toxic properties generally similar to those of ‘ venom- 
globulin.’ 

Like abrin, ‘ venom-globulin ’ (and therefore also ‘ venom- 
albumin’) is said to exert a special action on the blood. “ One- 
twentieth of a grain kills a strong pigeon in a little over two hours, 
and gives rise within a few minutes (L) after injection to the 
production of enormous infiltration of blood into the neighbouring 
tissues.” It is also reported to destroy the power of blood to clot, 
and is believed to attack the respiratory centres. The hcemor- 
rhagic lesions appear to be most pronounced in oases where the 
animal survives for a time, i, to say in cases whore the quantity 
of the crystalline principle and peptone are evidently in such 
small omoimt as to allow of the animal surviving till the effects of 
the globulin ^are developed. Tho blood changes are most marked 
in oases of viper-poisoning. The po^t mortem appearances in viper- 
poisoning as recorded by Dr. Badaloni (2) are strikingly similar 
to those of poisoning by abrin. He notes intense hyperoemia of 
the mucous membrane of the stomach and intestines, with numer- 
ous hmmorrhagio points of extravasation, especially into mucous 
membrane of small intestine. The blood was dork and fluid, and 
dow to coagulate. 

It would thus appear that there is a considerable analogy 
between abrin and snake-poison. 

Action of Pepsin on Abrin 

As bearing on the comparative harmlessness of abrin when 
taken by the mouth, it is interesting to note the results of the 
following experiments, in which abrin was digested with pepsin 
outside the body, and the resulting product, apparently a peptone, 

(t) Globulin ia readilj aolable in neutral eolutiona, so that ' Tenom-globulin ’ 
dioold be readilj absorbed when injected suboutaneouslj. But it has been alreadj 
diowntihat this so^wlled *vaiu»n*globalin* is in all probability a miztun of two 
distinct snbstanoea. 

(2) I, 1888, p. 768. 
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then injected into chickens. The pepsin used in these experi- 
ments was found to be fairly wril up to the Britiflh Fhanno- 
oopoeia standard of activity, where two grains of pepsin are stated 
to dissolve 100 grains of coagulated egg-albumin. 

Exp. LXVII. — Six fprains of the freshly-prepared moist abrin from 
which the alcohol had been entirely driven off were dissolved in about ^ oz. 
of distilled water. To this were added three grams of pepsin with eminims 
of dilute hydrochloric acid, and the whole digested for six hours at a 
temperature of 38^ Cent. This solution was then filtered, the filtrate 
being a clear, limpid, and almost colourless fiuid, which gave a scanty white 
precipitate with absolute alcohol, and on boiling deposited no precipitate, 
showing that the proteid had apparently become converted into a peptone. 
Of this peptone solution 26 minims, representing about grains of moist 
abrin, were injected into a healthy chicken. The chicken presented no 
symptoms till the following day. It died 53 hours from tlie time of adminis- 
tration of the injection with all tlio usual symptoms of abrus-poisoning. 

Exp. lx VIII. — T he previous experiment was repeated on another 
chicken, which died 6U hours after the administration of the injection. 

As the abrin-peptone proved fatal in both these experiments, 
it became necessary to ascertain what the effect of a hypodermic 
injection of pepsin by itself might be. In the following experi- 
ment twice the amount of pepsin which had been used in the 
two foregoing experiments was injected subcutaneously into a 
chicken without any positive result. 

Exp. LXIX. — ^Three grains of pepsin dissolved in 26 minims of 
distilled water to which three minims of dilute hydrochloric acid had 
been added were injected into a chicken. result. 

From these experiments it would appear that the peptone 
of abrus-albumin is poisonous, although very much less active than 
abrin itself. It becomes therefore difficult to reconcile these results 
with the acknowledged innocuousness of the seeds when taken 
by the mouth. For on introduction into the stomadi a peptone 

be formed, and this readily becoming absorbed ought to prove 
poisonous according to the foregoing experiments. But it is just 
possible that in these experiments a true peptone was not really 
formed, as the albumin was not presented to the action of the 
pepsine in a coagulated form — ^the failure of the resulting filtrate 
to give a precipitate on belling being probably due to the con- 
version of the abrin iiito an arid albuminate by the aefaion of the 
hydroriiloric arid. And the arid albuminate of abrin, as we have 
seen, is poisonous. 
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The intestiaaL juioes appear to have the property of 
rendering the poison inert, for alarge quantity of abrin may be 
givenpsr rectum with no other effect than the production of 
acute colitis. 


CHAPTER m. 

The Physiological Effcts of Abrin. 

The following account of the action of abrus-poison on 
seveml of the systems and tissues of the animal body is somewhat 
fragmentaiy, but such as it is, it affords considerable insight 
into the manner in which this poison exerts its action. We 
propose continuing this series of observations, and hope in a 
future paper to give a more detailed account of the physiological 
action of abrus-poison. 

I. — ^Action on the Blood. 

The alterations in the blood produced by abrin have olready 
been noted in some detail. The most striking changes are dight- 
ly undue fluidity, with the presence of enormous numbers of the 
so-called blood-plates” and of those larger, dork, granular masses 
whidi ore usually believed to be the broken-up nuclei of white 
corpusdes. 

This alteration in the constitution of the blood allows of 
passive hesmorrhages by diapedesis, without apparent rupture 
of the vessel wall. These minute hoemorrhagio lesions are found 
most abundant in the capillary areas of the most highly vascular 
tissues and viscera, viz., the lymphatic glands, voluntaiy muscl^ 
mucous membrane of stomal and intestines, lungs, liver, and 
spleen. 

The exact signiflcance of an enormous presence of blood- 
plates ” is not yet well ascertained. In small numbers they are 
sometimes found in the blood of persons apparently in good 
health; in large numbers they are found in certain febrile dis- 
eases, pneumonia, typhus fever, and cholera (1). They evidently 
indicate grave interference with nutritive processes. 

(1.) Dr. D. D. GumxNOHA]i*8 MioroiooiiiiMl and Fhynologioal Renarohes into 
Natoxo of Agonti piodudng ChoM 1S72. 
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On the white blood-coxpusoles abrin when diieoUj applied 
was found to exercise no very marked action. 

As the tissue at the seat of the hypodermic injection was 
found to undergo rapid degeneration and death, it became 
desirable to ascertain whether or not abrin acted as a protoplasm 
poison. The fact that the aqueous solutions of abrin favoared 
the growth of baojeria rendered it h priori somewhat unlikdy 
that abrin did act in this way, but its marked local action on 
the tissues rendered this point deserving of special elucidation. 
The white blood-corpusoles offered a ready means of testing this 
point. The following was the method adopted(l). A *75 per 
cent, solution of common salt was made, and a large drop of 
this salt solution placed on a glass slide The out surface of a 
frog’s toe was touched with a clean cover-glass 1 inch in 
diameter, and a few seconds having been permitted to elapse, 
to allow of coagulation beginning, the cover-glass was carefully 
inverted on the drop. The excess of fluid was then drained from 
the edges of the preparation with bibulous paper, and a ring of 
oil painted round it to prevent evaporation. Two slides were 
prepared in this way and kept as control experiments. A 
solution of abrin in salt solution of a similar strength had 
previously been made ; and at the same time that the two 
slides were prepared with simple saline solution, two other slides 
were prepared with the abrin solution. . 

Although the amsebio moTcments* of the leucocytes were 
slightly more restricted in the specimens treated with the abrin 
solution, the difference was not sufficient to warrant us in con- 
cluding that abrin acted as a * protoplasm-poison’ like quinine. We 
shall also see under the next heading that the direct application 
of abrin to the frog’s heart was not attended by marked 
paralysis of the cardiac muscle. 

n. — O n the Circulatory System. 

Circulatory depression is a prominent symptom from an early 
stage in the progress of the case. The blood-pressure was not 
tested. ^ f 

(1) The Bdieme foUowed was generally similar to that used by Dr. Buchaitah 
Baztbr in bis researoh on the action of quinine.— Ffds Pract,, NoTsmber 1878. 
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The heart is arrested in diastole,— the immediate cause of 
death apparently being oardioo pal^. 

The direct action of abrin on the fros’s heart was tested as 
follows. The hearts of two decapitated frogs were removed from 
the body, after tying the great vessels, and one was immersed in *76 
per cent, saline solution, and the other in saline solution to whicli 
abrin had been added in considerable quantity. The autoraatio 
movements were visible quite as long in the heart which was bathed 
in the abrin mixture os in the heart which was kept in the normal 
saline solution, and the irritability of the cardiac muscle to 
mechanical stimuli persisted for a nearly similar time in both 
hearts. 

III.— On the Body-Temperature. 

Coincident with the circulatory depression, there is in acute 
oases a marked lowering of the temperature, which is probably 
due tc a general interference with the oxidation processes through- 
out the body. 

In a cat the rectal temperature of which, at the time of injec- 
tion of I grain of the seed, was 103*60 Fah., the temperature had 
fallen on the second day to 92*67^ Fah. In another oat, whose 
rectal temperature was 103*8^ Fah. at the time of giving the 
hypodermic injection, 6 hours afterwards the thermometer regis- 
ter^ 103'^ Fah., and after 12 hours the temperature had 
fallen to 98*6^. The cat died 28 hours after the administration 
of the injection, and the rectal temperature 4 hours before death 
was 96^ Fah. 

In sub-acute cases, where the animal lives for over 48 hours, 
should there be mueh tendency to local inflammation at the seat 
of injection, febrile symptoms may develop, but this must be 
considered as an accidental occurrence. 

IV. — On the Nervous System. 

No convulsive effects are produced, and the animal retains 
consciousness up till the time of death. There is nodeflnite 
paralysis of the limbs, but only languor and debility — ^the result 
of extreme exhaustion. 

Muscular irritability persisted for some time after systemic 
death. 
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y. — On Sespiratokf System. 

The frequency of the respirations waa evidently lessened^ 
whilst at the same time the respiratory aot became more laborious. 

yi.— -O n Olandulab System. 

The lymphatic glands, both superficial and deep, are in a state 
of acute congestion, presenting on appearance not unlike that of 
septicmmia, except that whilst they are enlarged they are not 
softened. The salivary glands in oats appeared to be stimulated 
to excessive secretion. The numerous opaque areas throughout 
the liver appear to show that the poison kills the hepatic cells, with 
which it comes into contact, in a manner similar to that in which 
it acts upon the tissues at the seat of injection. The amount of 
bile did not appear to be increased. The urine was not found to 
contain albumin, and its amount was not apparently increased. 

yil. — On Nutrition. 

Loss of appetite is a very marked symptom even with small 
quantities of the poison, much short of lethal doses. 

In acute cases death occurred too rapidly to admit of emaci- 
ation taking place, but this symptom was present in all the 
animals which lived for over three days, and in those which 
ultimately recovered from poisonous doses. 

yin. — O n Diobstive System. 

Slight thirst usually attends the loss of appetite. No 
vomiting was remarked. After about 20 hours muco-sanguineous 
stools are usually passed, and this when the poison has been 
injected subcutaneously. The poison appears to have a special 
determination to the idimentaiy canal, and being eliminated there 
eiprts its peculiar action on the intestinal mucous membrane, 
lowering the activity of tiie cells and so favouring the free devdqp- 
ment of those bacteria which are always to be’ found in the 
intestinal tract. . * 

A large quantity of the powdered abms-seed (about i oi.) 
was rubbed up with water and injected per reeium into a cat. No 
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general poisoning symptoms followed, but a soTere attack of colitis 
with bloody stools resulted and lasted for several days. 


OHAPTEa IV. 

The mnnegement of casea of Abrua-poiaoning. Practical application of 
oar physiological knowledge of abrin to tbo treatment of cases of 
poisoning. Indications for treatment locally and generally. Beneficial 
effect of Iron. 

A THOBOUGH knowledge of the manner in which a poiaon 
ezeroises its toxic power on the animal body is, of course, a very 
deurabloi and almost necessary, preliminary to the siiocessful 
treatment of oases of poisoning occurring through its agency. 
But such intimate physiological knowledge is not easily attainable. 
Even with the most common poisons, the toxic properties of which 
were well known to the ancients, our accumulated experience at 
the present day affords in only a few instances any satisfootoiy 
information os to the actual manner in wnioh the poison induces a 
fatal result. With a newly-discovered poison, therefore, like that 
now under consideration, it was not to be expected that this pre- 
liminary series of observations could have afforded a sufficiently 
profound acquaintance with its physiological action as to indicate 
clearly a suitable physiological antidote— if indeed any such 
actually exists amongst our known drugs. 

But although we have not yet attained to this profound 
physiological knowledge of abrus-poison, which is so desirable, still 
we already have acquired in certain directions an amount of 
physiological information which a^its of practical application to 
the treatment of oases of abrus-poisoning. We have seen the con- 
siderable analogy which exists between abrus-poison and snake- 
venom. To say that the local treatment in oases of abrus-poison- 
ing should be generally conducted on the same lines m those 
recommended in snake bite, does not seem at first sight to afford 
much promise of success, seeing that all the so-oidled remedies fBr 
snake-bite are usually of no avail whatever. In abrus-poisoning, 
however, there is a very much greater prospect of success in saving 
life^ on account of the slow rate of absorption of the poison 
and the greater interval of time oyw which the qrmptoms ore 



62 HANAOEMBNT OF CASES OF ABRUS POISONING. 

distributed— death never apparently taking place in oriminal oases 
till after the lapse of about 48 hours. 

Any indioatioiiB for the treatment of oases of abrus-poisoning 
must tfike oognizanoe of (1) the umnd by which the poison was 
introduced, as well as (2j general constitutional affection. 

L^Tbb Local Treatment. 

In the reported oases of abrus-poisoning ooouiring in man, 
but more specially in cattle, the fact of poisoning has only been 
discovered a considerable time after the introduction of the 
abrus-spike— a sufficient quantity of the abrin having been 
absorbed to produce poisoning symptoms before the individual 
was brought for treatment. With cattle, indeed, the fact of poison- 
ing may not be suspected until the animal is in articulo nwrtie. 

Until we become aware of a true physiological antidote, the 
first indication in the treatment will be to prevent the absorption 
of any more of the poison taking place where absorption is still 
going on. For this end, as in snake-bite, we ought to— 

Endeavour to cut off from the general circuhtion the lymphatic 
and hlood-supply coming from the wound. If the site of inpeitiou 
of the abrus-spike be a limb, this indication could be readily car- 
ried out ; but when, as is usually the case, it is on the trunk or on 
the posterior aspect of the neck, then this operation is less ea^ 
of practice. 

Extraction of the spike or its remains from the wound.^Tbe 
abrus-spike takes a considerable time to undergo the softening 
and breaking down process which precedes its absorption. Every 
portion of the spike which can be removed must tend towards 
improving the chance of the animal’s recovery. Where the spike 
has been discovered soon after its insertion, it ought to be at once 
carefully extracted, the utmost care being taken to avoid breaking 
it, so as leave any fragment behind in the wound. 

Excisim of the wound. — Even where the whole spike can be 
withdrawn, the wound ought to be deeply scarified and. active 
pressure made from some distance around it towards its centre so 
as to make it Uieed frefly. Where the spike has undergone 
softening, the diffiuent ^ition which still remains unabsorbed in 
the tissues must be at once removed by free excision of the part 



THE LOCAL TREATMENT. 


63 


and steady pressure made from the surrounding parts towards the 
bleeding wound. 

Any poison which still remains in the tissue in the neighhourhooil 
of the wound should be destroyed.^K solution of potassium perman- 
ganate (strength at least 2 per cent.) should be freely applied 
to the wound. That potassium permanganate has the power of 
destroying abrin is seen from the following experiments : — 

Exp. LXX.~Half grain of the fresh abrus-secd was rubbed up with 
16 minims of distilled water and 10 minims of a one per eent. solution of 
potassium permanganate added. The whole was then injeeted into a chicken. 
19^0 apparent effect. 

Exp. LXXI.->Tho above experiment was repeated in another chicken. 
Also with negative results. 

Fermanganato of potassium has, however, no special selective 
affinity for abrin, so as to render it on antidote to the poison. 
It has merely the property of forming an insoluble compound 
with albuminous material. When applied to the wound in 
abrus-poisoning, it will destroy the protcids of the tissues, and 
along with these any abrin with which it may chance to come 
into contact. 

Antiseptic treatment of resulting wound, — The wound in abrus- 
poisoning has been seen to present unusually favourable conditions 
for the development of bacteria, and these bacteria after a time 
gain an entry into the general circulation. As the general effect 
of abrin seems to be exercised in the direction of reducing the 
vital activity, the presence of these bacteria in the general circu- 
lation must further embarrass the already depraved nutrition, so 
that the local application of antiseptic agents, such as carbolic oil, 
fto., seems called for. 

Fainting the skin in the neighbourhood of the wound with 
the B. P. liquor ferri perchloridi, which has been of such ascer- 
tained benefit in erysipelatous and diphtheritic inflammation, might 
be tried. 

When there is much osdemaious swelling around the wound, 
free incisions ought to be made to allow of the escape of this fluid 
which swarms with bacteria and the decomposing septic products of 
their growth. Subcutaneous injections of quinine salts— especially 
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the non-irritatiiig neutral hydroolilorate,— would assist the de- 
stniotion of these mioro-organisms. 

IL — Tex QEmnAL Treatment, 

We have seen that abrin exerts a very speoial action upon the 
formed elements of the blood, apparently interfering with the 
development of the red blood-oorpuaoles. It also weakens the 
heart and lowers the temperature, and has a special determination 
to the small intestines, producing mucous diarrhcea with bloody 
stools. 

In oases of poisoning, therefore, until we find a true physio- 
logical antidote, t.e., an agent which will follow the poison 
through the economy and prevent those modifications in certain 
structures which would otherwise result in death — ^until we 
discover such an agent, our treatment must be directed against 
the above noted symptoms and ascertained morbid conditions. 

First, then, concerning the blood-changes. These, both as 
regards the alteration in the formed elements, as well as the 
multiple minute hoemorrhages, bear a certain resemblance to the 
conditions observed in pernicious anosmia, for which iron and 
arsenic are the recognised remedies — although it must be 
acknowledged that even these so-called remedies are usually 
unavailing in that obscure disease. In purpura also, where the 
hoemorrhages are apparently of a passive character, iron is believed 
to be of benefit. 

Jron, from its general tonic, restorative, and hosmatinio 
properties, seems specially indicated in abrus-poisoning. It 
ought to be a per-salt of iron which is used, for the per-ealts, 
while they contract the capillaries in a manner analagousto 
digitalis, hsLve no direct action on the heart, and certainly do not 
lessen its irritability as the proto-salts do(l)— a most important 
point where we are dealing with a heart already weakened. 

When iron is mixed with a lethal dose of abrin outside the 
body and the mixture then injected, it proves to be praotioally 
inert. This result would almost appear to be due to the beneficial 
hssmatinio action of ifon counteracting the poisonous efiSsota 


(1) Blaki, Jour, AwuL aud Phya,, ISSU 
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of the abrini for albuminates of iron have been proved to be 
soluble(l). 

Exp. LXXII. — One-fifth grain of abrus-secd was rubbed up with 
16 minims distilled water and six minims of the B. P. dilute liquor ferri 
perchloride added. This mixture was injected into a chicken. On the 
second day following it gave up taking its usual quantity of food, but 
a few days afterwards it seemed to hare recovered, and was still alive 
after 15 days. 

Exp. LXXIIL— a similar quantity was given to another chicken 
It also survived. 

The internal administration of iron by the mouth to 
animals already suffering from abrus-poisoning was not attempt- 
ed with chickens, but the following experiments show the 
results of hypodemik injection of “dialysed*’ iron — the non- 
irritant hydrated oxide — in animals already labouring under 
poisoning symptoms. To render the duration of the cases 
somewhat parallel to the criminal cases of nbrus-poisoning, | grain 
only of the seed was used — an amount ordinarily insufficient to kill 
a chicken till after an interval of <18 hours. Throe chickens were 
each given this dose, and one of them kept as a control experiment. 

Exp. LXXiy.— This chicken, which had received i grain of the 
seed, was kept as a control experiment. It died in 46 hours. 

Exp. LXXV. — ^To this chicken, which had also received ( grain of 
abms seed, 20 minims of Wyeth's solution of dialysed iron was iujectod 
into the tract of the abrus injection 4 hours afterwards, and after 24 hours 
a similar quantity was injected into the right breast. Death occurred in 78 
hours. 

Exp. LXXVI.— -This chicken, after the injection of grain abrus- 
leed, was allowed to remain for 24 hours without treatment ; 20 minims 
of the ** dialysed " iron solution were then injected into seat of the abrus 
injection. There was a very large amount of mdema surrounding the 

(1) Iron when taken by the mouth oombioes with the albuminous material met 
with in the stomach to form on albuminate. The precipitate formed by per-solts with 
albumin are soluble under vaiious conditions. Adding It parts of forrio chloride 
to an albuminous solution, H. Ross found the precipitate dissolve in an excess of the 
salt, and when quite fresh, even the ** blood-alkalies ” dissolve it. When albumin 
came into contact with weak iron preparations, a ew drops of weak acid or sometimei 
alkali were enough to hdp solution in the gastric juice. (PuiLUr'a Jlfmi. Jfsd, 1882.) 

HifiTL found that iron albuminate was soluble in soda solutions ; that iron phospho- 
woB solubla in coctact with phosphate of soda ; and that alkaline phosphates 
generally favonred the ahiorption of iron salts after they had beeome albuminates.^ 
(SOHMiDT’B Jahrb., Bd., CLXXlll, 1877.) 
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wound extending downwards and also upwards to trunk. Death occurred in 
68 hours. 

These experiments appear to show that the use of iron 
prolonged life. But it should be given in much more frequent 
doses, and be combined with local and other treatment. For 
administration by the mouth the iron tincture of the British 
Pharmacopoeia (say 15 to 30 minims every 2 or 3 hours) might be 
given (1), or the liquor ferri pemitratis, which has been highly 
recommended by Neligon for mucous diarrhoea with bloody stools. 

Tw'pentwe is another drug which seems indicated not only 
on account of its stimulant properties, but also on account of its 
coDstriugiug the capUlaries, its topical action on the intestinal 
mucous membrane, and its supposed oxidizing action. It should 
be given in small doses to avoid purgation or narcotic effects — say 
30 minims in mucilage every 2 or 3 hours ; and where there is much 
abdominal pain and bloody stools, it should be given by enemw 
with starch mucilage and opium. 

Quhme does not appear to be a suitable remedy for interned 
administration, os it seems to act to a certain extent in a man- 
ner similar to abrin, reducing the temperature very considerably. 
And ergot is contra-indicated on account of its depressant action on 
the heart. 

For the acute inflammation of the intestines, milk and demul- 
cent drinks, viz., eggs, flour, fat, &o., should begiven, and the patient 
be well nourished with beef-tea, soup, &o’, and the body kept warm, 
and diffusible stimulants given to counteract the general depression. 

Tetanus was a complication in one of the reported cases of 
abrus-poisoning. The local irritation produced by the insertion of 
the spike may be expected to predispose at certain seasons to an 
attack of traumatic tetanus — a complication at all times grave, 
but especially so in abrus-poisoning, where the patient is already 
the subject of such extreme depression. 

(1) Dr. Rubsbll Bbtnolds used ' the perchlorido with succeas in InteitinAl hiemocb 
rlwRtt*jr«d. 2V»MaNd Oa;., I, 1867, p. 32. 
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APPENDIX I. 

THE BOTANICAL CnARACTKBS OF ABBUB PRECATOmUS (WILLD). 

Ahrm Precatonus (1) (Nat. Ord. Logiiminosre) is commonly 
known as the Indian liquorice plant. In Banp^al it is called 
kunch or gunj ; its Hindustani name is It is one of 

the most oomnfon plants in every part of India, and appears 
also to be indigenous to Brazil, whoro it is onllod jequmty, 
Wallace (2) accounts for its extensive distribution by supposing 
that birds are specially attracted by the bright colour of the seeds ; 
but the hardness of the envelope allows the seeds to pass through 
the alimentary canal undigested, and so they got deposited in a 
remote locality. 

tloxBUROH (3) describes its botanical characters as follows 
Flowering time at the close of the rains. Root ramous ; ntem 
ligneous, twining ; iMrk smooth ; young nhooU with a few white 
depressed hairs. Leaves alternate, abruptly pinnate, from two to 
six inches long. Leaflets opposite, subsossilo, from eight to fifteen 
pair, linear, oblong, smooth, entire, both ends obtuse, the lower 
pair smaller. Petioles^ the common channelled on the upper side, 
and a little hairy. Stipules of the loaves lanceolate, of the leaflets 
minute. Racetnes^ axillary, solitary, long pedunolod. The peduncle 
itself horizontal, thick, and strong ; often leaf-bearing. The 
raceme, or flower-besuring part, erect, seound, with the apex pro- 
jecting in a curve. Flowers numerous, short pedicelled, inserted 
on two rows of large, alternate, round, glandular tuberosities 
growing on the exterior side of the raceme, pretty large and of a 
pale pink colour. Calyx campanulate, mouth obscurely flve- 
tooihed. Corolla; bannor ovate, sides deflected, apex ascending 
the length of the wings. Wings falcate, projecting horizontally. 
Keel oimbiform, the length of the other petals. Filaments nine, 

(1) JJbnu !■ given by Probpib Alpinub (1592) as the name of the plant in ZSgypt, 
where the seeds were used for necklaces. Thus derives it from afipo^, delicate. 
(Bihtlbt and Tbiues’b Mtdieinal Plants. No. 77.). 

(2) Tropical Nature, 

(3) Plora Indiea, p. 544, ed. 1874. 
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conjoined into a cylinder, with a fissure on the upper side, the 
distinct portions erect, and alternately shorter. AntJiers ovate, 
small. Pktil minute, hid in the base of the tube of the stamens 
Oerm hairy. Style very short. Stigma headed. Leginne of a long 
rhomboidal shape, protuberant at the seeds, divided by transverse 
membranes into as many cells as there are seeds. Seeds generally 
four or five, spherical, smooth, of a bright, shining red, or white, 
with a block mark at the eye, or more rarely black with a white 
eye. 

Three varieties of the plant have been met vith in Indin. 

— With rose-coloured flowers, red seed, and black eye. 

2nd . — With dark- coloured flowers, black seed, and white eye. 

Zrd . — With white flowers, white seed, and black eye.” 

The following description of the microscopic structure has 
been kindly supplied by Dr. D. D. Cunningham, Professor of 
Physiology, Calcutta Medical College : — 

** The integumout of the seed consists of no less than nine 
distinct layers of cells, differing considerably from one another in 
their characters. 

Proceeding from without inwards, we find : — 1. A 
layer of considerable thickness, but containing only a single 
stratum of cells. They are tluck-walled, columnar, contain 
the colouring matter to which the seed owes its bright scarlet 
hue, and are arranged in radiant faSjiion around the deeper 
portions of the integument. Each cell is dilated peripherally, 
and in many coses a slight basal bulbosity is also present. The 
peripheral dilated portion is cut up into a number of more or 
less cuneate portions, which are closely adapted to one another. 
In many oases, in the mature seed the central point, whore the 
apices of the segments come into relation to one another, really 
consists of a narrow canal leading directly into the cell cavity. 
The surface of the seed coat, due to the close opposition of the 
cells, necessarily comes to present the appearance of being com- 
posed of a layer of cuneate facets arranged in rosetted fashion 
around central points — each rosette representing the extremity 
of one of the columnar cells, and the central points in many 
instances being openings^eading directly into the cell cavities. 

2. A thick stratum of small cells, with thick walls and 
irregular sinuous outlines. 
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3. A thick stratum of large thin-walled cells. 

4. A thin stratum of small, also thin-walled, cells. 

5. A stratum of elongated thin-walled cells. 

6. A stratum of thickened colls, two or three layers deep. 

7. A single row of minute thin-walled cells of more or less 
cubical contour. 

8. A stratum of thick-walled cells with dense yellowish 
granular contents. 

9. A stratum of thickened, more or less parenchymatous 
cells, with more traces of cavities or contents. 

The entire thickness of this stratified coating may be broken 
up in various ways, but apparently the line which may bo taken 
as representing the transition from testa to tcgiinion runs through 
the thin- walled cells of the 7th stratum. The colls, save in the 
1st and 8th stratum, appear to be almost or quite devoid of 
contents. 

The great mass of the nucleus of the seed naturally consists 
of the thick cotyledonary lobes. These are composed of a dense 
parenchyma built up of large cells, with oxtrornoly thick walls 
and granular protoplasm, including numerous oil globules. The 
most remarkable structural feature present in tlio tissue is due 
to the existence of numerous perforations penetrating the entire 
thickness of the cell walls and giving rise to a system of canals 
which are occupied by processes of the protoplasm of the coll 
contents. The entire mass of tissue is thus converted into a 
continuous system of channels and cavities occupied by a more 
or less continuous ramified mass of protoplasm.” 

In India the seeds are employed for various purposes — the 
red ones by goldsmiths and native druggists, on account of their 
uniform weight, or a standard raiti or reltl weight. The ruU% 
is usually considered to be equal to TOOl grains Troy. Fluckigor* 
states it to be equivalent to grains. A few specimens of each 
variety of the seeds were weighed with the following results : — 


Bed- 

'0980 grams. 
•1350 „ 

•1100 „ 


Bletrl-. 

'1130 grams. 
•1190 „ 

•1140 „ • 


White, 

'1222 grams. 
•l;340 


Pharmacogmphia by FttfcxiGER AND Hanburt, page 164. 
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Giving a mean weight of 175, 1*77, and 1-97 grams respect- 
ively for the three vanetiest 


APPENDIX II 

MODE OF USING TEE SEEDS FOR POISONING CATTLE, 

The Cattle Plague Commission, in their report dated 1870, remark 
that a large proportion of the criminal cases of cattle-poisoning, 
were effected through tlie agency of these seeds. In 1873 
Dr. Center, Chemical Examiner to tlie Government of the Punjab, 
drew special attention to this fact ; and more extended inquiry 
showed that this practice was not confined to the Punjab, but was 
common tliroughout the greater paH of India ; and during the past 
few years it appears to bo on tho increase. The Chamar or 
Skinner ’ caste are the class who mostly practise tliis mode of 
poisoning ; and although their object usually is to obtain a supply 
of hides, they have been known to use these seeds for the purpose 
of committing murder. 

Tho mode of preparing the seed is as follows. The infor- 
mation was gained from a chamdr prisoner in Patna Jail, who 
consented to prepare the spikes before a police-ofiicer. A bullock 
was stabbed in the back of the neck with one of the prepared 
spikes, and died on tho second day following. 

The shell of each seed is carefully broken and removed, and 
the seeds softened by soaking in water, and pounded on a stone 
in order to fonn a paste. The lump of paste is then rolled with 
the palm of the hand on tho stone, until it is of a cylindrical 
shape, with a sharp point. The point, about J of an inch long, 
is then cut off, and forms the ‘ sui,” needle, or, as it is termed in 
some districts, ** sutari,'’ from its resemblance to the point of a 
cobbler’s awl, as seen in the annexed figure. After half a dozen or 
more sutaris ” have been mode, some straw is out into lengths of 
about inches, and a “ sutari ” inserted in each end ; the straws 
are then pvt in the sun to dry, care being taken that tho sutari” 
points are not injured. As soon os a ** sutari” is thoroughly 
dry and hard, the point is ** edged ” on a brick, after which it is 
soaked in some animal /fat for a night, and the instrument is 
ready. •Occasionally the point is slightly curved. Suis ” weigh 
on an average 1 i to 2 grains, and vary in colour from dirty 
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white to dark brown, or nearly black. A handle of wood is then 
made, about 3 to Si inches long, and like the handle of a bradawl. 
At the end of the handle, which is about an inch in diameter, two 
holes arc drilled, about ^ to J of an inch in depth and about } 
of an inch apart, and into each hole the thick end of n sutiiri ” 
is pressed, a piece of cloth being first spread over the holes in 
order to afford a firmer hold, llumboo wood is frequently used 
for a handle, a small cane being selected, and a portion cut off 
so as to include two joints : one joint has the holes drilled for 
receipt of the spikes, while the oilier is sometimes removed, 
exposing tlie cavity of the bamboo, in which the sparo s])ikcs 
aie kept wrapped in a rag. The form of handle shown in the 
accompanying illustration is perhaps the most common. The blow 



*sur AXlf HsiSDLE [naiuml size). 
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given with this instrument is delivered with great force, so that 
the whole of the sui protruding from the end of the handle 
is driven into the flesh ; any attempt to withdraw the spike 
by pulling at the piece sticking out invariably breaks it, a 
portion being left in the wound. 

In some oases suis” ore made with the milky juice of the 
Calotropis gigantca — madar — instead of with water, and the effect 
is then supposed to be more rapid. Metallic mercury, dhatura, 
aconite, and arsenic are also occasionally incorporated with the 
paste from which spikes are prepared. When the subject of 
sui ” poisoning first engaged attention, there was a suspicion 
that dried snake-poison might possibly be the active principle : 
a number of spikes were therefore forwarded to Dr. Ewart, 
President of the Snake-poison Committee, who came to the conclu- 
sion that the snake-poison theory was untenable, basing this 
opinion on two experiments made on dogs, the results of which he 
summarizes as follows: — “The poftt-mortem examination shews 
that in these spikes is contained a most virulent irritant poison, 
producing (1) rapid and extensive cellulitis and inflammation 
of the lymphatic glands, and (2) as it gets slowly conveyed into 
the blood, great depression of vital power, ending in death, 
commencing at the heart. We did not note any of the nerve 
symptoms accompanying snake-poison, such as local paralysis 
of the part directly affected, and subsequently paralysis of the 
respiratory muscles, marked convulsions, unconsciousness im- 
mediately preceding death. In slow poisoning by snake virus 
those symptoms are retarded in their onset ; but in fatal cases 
from small doses, the order of the symptoms, though postponed, 
corresponds pretty nearly with that in which an overpowering 
quantity has been injected into the tissues. These two dogs 
died much in the same way as they would have done had they 
been subjected to an extensive and deeply penetrating burn, 
implicating the subcutaneous tissue, viz., from exhaustion. More- 
over, we may mention that there was a decided rise in the tem- 
perature of these dogs after the spikes had been inserted 
underneath the skin ; whilst in oases of snake-poisoning, whether 
by minute or large ^quantities, no such disturbance of the 
equilibrium of the animal heat has been observed.” 
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APPENDIX III. 

HARMLESS NATURE OF THE SEEDS WHEN GIVEN BY THE MOVTU, 

When tlie seeds are given by the mouth the poisonous symp- 
toms do not develop. The seeds when eaten in largo quantities 
are reputed amongst the Hindus to prevent fecundity. Dr. M- 
Thomson (1) states that the seed, “ even when finely ground, does 
not seem to be a poison when given by tho mouth. I have 
repeatedly given it to dogs in as large doses as two or throe 
drachms, but with no ill effect.” Dr. Center mentions that ho 
administered the seeds to dogs in doses varying from J to 1 oz. 
without poisoning symptoms (2). About i ounce of tho powdered 
seeds can be introduced into the stomach of cats without inducing 
poisoning symptoms, and children frequently eat tho raw seeds 
without bad results. 


APPENDIX IV. 

ABRIC ACID I ITS MODE OF PREPARATION AND ITS PROPERTIES. 

Abrig acid was obtained by digesting the powdered seeds 
with boiling rectified spirit and evaporating the resulting tincture 
to a syrupy consistence on the water-bath. After 24 hours an 
abundant crop of white microscopic needle-shaped crystals was 
found adherent to the sides of the capsule, and a large amount of 
oil had also separated, which floated on the surface of tho liquid. 
Water in small amount was now added to the contents of tho 
capsule, aqd the mixture poured into a bottle and agitated with 
ether. The ether was then drawn off, while tho aqueous stratum 
holding the crystals in suspension was thrown on a filter and the 
crystals washed with water. The crystals thus obtained were 
repeatedly ifliaken with ether to remove traces of oily matter ; 
then boiled with dilute alcohol, and the solution filtered and 
allowed to crystallize. The crystals were snow-white and silky, 
interlaced in masses, and under the microscope were seen to 
consist of minute needles. To the taste they were faintly astringent, 


<1) Report of Chomicol Examiner, North-Western Provinces, 1874. 
(2) Report of Chemical Examiner, Punjab, 1873b 
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but without bitterness or acidity. The aqueous and alcoholic solu- 
tions were acid in reaction. In cold absolute alcohol, ether, 
or omylic alcohol, the crystals were practically insoluble; in 
chloroform, slightly soluble ; in boiling dilute spirits they dissolved 
and crystallized out before the solution was cold. In ammonia 
and solutions of caustic soda or potash, they readily dissolved and 
formed well-marked crystalline salts. In dilute acids the crystals 
were also easily soluble. 


APPENDIX V. 

TiTE Therapeutic Value of Abrue-eeed Infusiox in 
Ophthalmic Medicine. 

Tub seeds arc reported by Dr. Moura (1) to have been used 
for many years in Brazil for the treatment of chronic granular 
(lonjunotivitis. It is in the chronic granular oases which have 
resisted other treatment that ahrm is said to be of advantage ; 
but unless carefully applied, he has found it not unfrequoutly 
happen that an eye otherwise capable of being saved has been 
entirely mined by the careless application of a concentrated 
solution. He used a cold infusion of the seeds, deprived of their 
testa), made in the proportion of 0*5 grammes (about 8 grains) 
to 10 grammes (100 minims) of water. 

Dr. L. doWocker confirms Dr. Moura's statements (2). The 
preparation which has answered best in his hands, and which he 
is in the habit of using, is weaker than that used by Dr. Moura, 
being prei)ared by macerating 10 grammes (about 155 grains) of 
the decorticated and powdered seeds for 24 hours in 500 grammes 
(17 fluid ounces) of cold water, and filtering. lie sums up his 
observations as follows 

1. A weak cold infusion of the powdered rr^/v/s-seeds 

applied as a lotion rapidly produces a purulent 
ophthalmia of an intensity corresponding to the 
strength and number of applications. 

2. The factitious ophthalmia thus produced disappeared 

in the course of 10 days or a fortnight without any 
therapeutic interference or danger to the cornea. 


(1) PharuMC. Jour., p. 4, 1883. 
(*2) CoMj}t. Itehd.f xcv.| 299. 
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3. This propei'ty possessed by the seeds of provoking a 
very intense ophthalmia of short duration could 
be utilised in ocular therapeutics in the treat- 
ment of conjunctival diphtheria, &c. It cures 
granulations rapidly. 

The symptoms of abrus-ophtlmlniia are thus described : 
“ Immediately after the first application the patient’s eyes begin to 
mij, and he feels a burning heat and heaviness of eyelids. Next 
day the inflamnialion is so intense that he can no longer open 
his eyes, the skin of the lids becomes swollen, tense, and of a violet 
colour, and conjunctival occhyniosis becomes more pronounced, 
accompanied with a more or loss abundant muco-purulont 
discharge, and the patient complains of gi*oat pam.”(l) 

^ For thorapoutio i)urposos the glycerine solution is to be 
preferred, as it adheres better to the surface of the mucous mem- 
brane, and it is therefore more certain iu producing its oifccts. 


APPENDIX VI. 

DESCnTVTIOX OF THE ROOTS OF ADRUS PRECATORIOVE A NO HOW 
THEY ARE TO RE DISTINOUISIIED FROM TRUE LKpJORlVEHiOOT 
(OLYCYRRIUZA OLMUIA). 

Tuf. rescmblanco of the root of abrm jRTcatorim to liquorice 
was remarked by Sloano in 1700. It was introduced into the 
Bengal Dispensatory in 1844 as a substitute for liquorice, and 
into the Pharmacopcoia of India in 1808. 

Description. — The root is long, woody, tortuous, and branch- 
ing. It usually occurs cut up into short lengths. The thickcEt 
pieces are of about the diameter of a man’s finger, but most of it 
is much more slender. The cortical layer is extremely thin and 
of a light brown hue. The woody part breaks across with a 
decidedly fibrous fracture, exliibiting a light yellow interior. It 
has a faint, somewhat disagreeable, odour, and a bitterish acrid 
fiavour, leaving a faintly sweet after-taste. 

Microscopic Structure. — On a transverse section the bark 
exhibits some layers of cork cells, loaded with brown colouring 


(1) 4.Ve(P RtimdUif June, 1883. 
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flatter, and then, within the middle zone of the bark, a oompara- 
tively ihiok layer of solerenohymatous tissue. Strong liber fibres 
are scattered through the interior of the oortioal tissue, but are 
not dintrihufed so as to form mdge-shaped rays such as are met with in 
true liquorice-root. In the latter the sclerenchyme (thiok-walled 
cells) io wanting* These differences ore sufficent to distinguish 
the two roots. 

The microscopical structure of true liquorice-root is as follows : 
The corky layer is made up of the usual tabular cells; the 
primary cortical tissue of a few rows of cells. The chief portion 
of the bark consists of liber or endophlGCum, and is built up 
for the most part of parenchymatous tissue accompanied by 
elongated fibres of two kinds, partly united into true liber- 
bundles and partly forming a kind of network, the smaller 
threads of which deviate considerably from the straight line, 
tiolution of iodine imparts an orange hue to both kinds of bast- 
bundles, and well displays the structural features* of the bark. 
The woody column of the root exhibits three .distinct forms of 
cells, namely, ligneous cells (libriform) with ' oblique ends ; 
parenchymatous, almost cubic cells; and large pitted vessels. (1) 


(1) PharmaeographUit p. 158. 







